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(54) Inkjet recording method 

(57) An inkjet recording method of forming an image 
on an inkjet recording sheet that has, on a support, a 
colorant-receiving layer which contains at least one in- 
organic mordant, by using an inkjet recording inksetthat 
comprises, as minimum constituent elements thereof, a 
yellow infrwhich contains at least one yellow dye, a ma- 



genta ink which contains at least one magenta dye and 
a cyan ink which contains at least one cyan dye, wherein 
an oxidation potential of the magenta dye and an oxida- 
tion potential of the cyan dye are each nobler than 0.8 
V (vs SCE). 



CM 
< 

io 

CM 

in 

CO 



CL 

LU 



Printed by Jouvc, 75001 PARIS (FR) 



BNSOOCID: <EP 1352754A2J_> 



J5 



20 



25 



55 



EP 1 352 754 A2 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 1 ] The present invention relates to an Inkjet recording method that enables formation of images of good fastness 
high density and good glossiness. 

10 Description of the Related Art 

[0002] These days the mainstream of image-recording material is for forming color images. Concretely, Inkjet re- 
cording ^material, thermal transfer image-recording material, electrophotographic recording material, transfer silver hah 
ide photographic material, printing ink, recording pens and others are much utilized 

[0003] In these color image-recording materials, used are three primary colors (dyes, pigments) for a subtractive 
color process for reproducing or recording full-color images. At present, however, few dyes are available, which have 
absorption characteristics capable of realizing any desired color reproduction range and which are fast under various 
service conditions, and it is much desired to Improve colorants. 

[0004] An Inkjet recording method has become much popularized and is being further developed, since the material 
rn°™l S , 4? Sn ! bleS high - speed "^ng. " does not give too much recording noise, and it facilitates color recording. 
[0005] The Inkjet recording method includes two types, a continuous type of continuously jetting ink drops, and an 
on-demand type of jetting ink drops according to image information signals. For jetting ink drops according to the 
method, employable is any of a system of applying pressure to ink drops by using a piezoelectric device to thereby 
make the ink drops jet out, a system of thermally bubbling ink to jet the ink drops, a system of using ultrasonic waves 
or a system of sucking and jetting ink drops by electrostatic force. Ink for inkjet recording includes aqueous ink, oily 
ink and solid (hot-melt) ink. 

[0006] Colorant to be used in such inkjet recording ink must satisfy the following requirements: its solubility or dis- 
persibihty in solvent is good; it enables high-density recording; its hue is good; it is fast to light, heat, active gas in the 
environment (e.g., NOx, oxidizing gas such as ozone, SOx); it is fast to water and chemicals; it well fixes in image- 
rece.vmg material and hardly bleeds out; its storage stability in ink is good; it is not toxic; its purity is high; and it is 
inexpensive and is readily available. However, it is extremely difficult to seek such colorant that satisfies all these 
requirements on a high level. In particular, the requirement which the colorant is strongly desired to satisfy is that it 
has a good hue of any of three primary colors and is fast to light, moisture and heat, especially to oxidizing gas such 
as ozone in the env.ronment while printed on an image-receiving material that has an ink-receiving layer with porous 
35 white inorganic pigment particles therein. 

[0007] Heretofore, azo dyes have been widely used for magenta dyes, of which the coupling component is any of 
phenols, naphthols or anilines. Azo dyes disclosed in JP-A 11-209673 and Japanese Patent No. 3,020,660 have good 

5n™ oonc?o P J° b ! ema,iC in th3t ,hey are n0t fast t0 N 9 ht ' To solve the P rob,em . Japanese Patent Application No 
2000-220649 discloses dyes that have good hue and improved lightfastness. However, the dyes disclosed in these 
patent publications are not fast to oxidizing gas such as ozone. 

[0008] Typical examples of cyan dyes are phthalocyanine dyes and triphenylmethane dyes. Phthalocyanine dyes 
are most w,dely used, and their typical examples are C.I. Direct Blue 86, 87 and 1 99. As compared with magenta and 
yellow dyes, they are fast to light but are greatly discolored and faded when exposed to nitrogen oxide gas which is 
much discussed these days for environmental problems, or to oxidizing gas such as ozone 
[0009] JP-A 3-103484, 4-39365 and 2000-303009 disclose ozone gas-resistant phthalocyanine dyes, which how- 
fnn^f 6 f unsa,isfact0, V in P° lnt of tnelr Alness to oxidizing gas and are therefore desired to be further Improved 
0010] On the other hand, triphenylmethane dyes such as typically Acid Blue 9 have good hue but are not fast to 
light and ozone gas. 

[0011] As yellow dyes, heretofore used are azobenzene dyes such as typically Direct Yellow 86 and 120, and hete- 
rocycl.c azo dyes, for example, pyrazolonazo dyes such as Acid Yellow 17, and pyridonazo dyes. In addition, quinoph- 
thalone dyes are often proposed. Of those conventional dyes, quinophthalone dyes have good hue especially in point 
of the tailing profile on tho long wave side in the absorption spectral pattern but most of them are not fast to ozone and 
hght, while azobenzene dyes are fast to them but their tailing profile on the long wave side is not good. To that effect 
dyes satisfying the two requirements of good hue and good fastness are not available at present. 

«. *T f btainin 9 ,ast f ul, - color ima 9 es of good color reproducibility, dyes to constitute the images are desired to 
satisfy the following requirements: 

Dyes of three primary colors all have good absorption characteristics. 
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Dyes of three primary colors are optimally combined to realize a broad color reproduction area. 

Dyes of three primary colors all have high fastness. 

The fastness of dyes is not worsened through interaction thereof. 

Dyes of three primary colors are well balanced in point of their fastness. 

5 

[0013] However, there is no report at all relating to the fastness of dyes to oxidizing gas such as ozone, which is 
discussed these days as a serious problem in the art of inkjet printing, especially relating to the properties of dyes as 
to what structures and what properties of dyes are effective for ozone fastness thereof. At present, therefore, it is not 
possible to obtain a guideline for selecting dyes. Further, it is extremely difficult to select dyes that are fast to light as well. 

w [0014J Even though dyes of good ozone fastness are combined and used in forming full-color images, the images 
formed will be discolored if the combined dyes differ too much in point of their ozone fastness. Therefore, it is a matter 
of importance that the combined dyes, especially the combined magenta and cyan dyes are well balanced in point of 
their ozone fastness. If so and even when the full-color images formed are attacked by ozone, the constitutive dyes 
may be faded while being well balanced in point of the degree of fading of the individual dyes, and, as a result, the 

is images may be prevented from being fatally damaged. 

[001 5] Depending on the type of the mordant to be combined therewith, dyes may be excessively flocculated to lower 
the density of the images formed. An inkjet recording method is therefore desired that enables formation of images of 
good fastness, high density and good glossiness. 

20 SUMMARY OF THE INVENTION 

[0016] The present invention is to solve the problems in the related art as above and to attain the objects mentioned 
below. Specifically, the invention is to provide an inkjet recording method capable of giving color images that are fast 
to ozone gas and arc well balanced in point of the degree of fading of the constitutive dyes. The invention is also to 
25 provide an inkjet recording method capable of giving color images that are fast to ozone gas and have high color density 
and good glossiness. 

[0017] We, the present inventors, have studied to achieve an inkjet recording method capable of giving color images 
that have good hue and are fast to light and gas (especially to ozone gas), and have found that the problems mentioned 
above can be solved by a combination of an inkjet recording sheet that has an inorganic mordant-containing, colorant- 

30 receiving layer and an ink set that comprises specific dyes not heretofore known in point of their oxidation potential. 
This is the first aspect of the invention. 
- [0018] Specifically, the first aspect of the invention provides an inkjet recording method of forming an image on an 
inkjet recording sheet that has, on a support, a colorant-receiving layer which contains at least one inorganic mordant, 
by using an inkjet recording ink set that comprises, as minimum constituent elements thereof, a yellow ink which con- 

35 tains at least one yellow dye, a magenta ink which contains at least one magenta dye and a cyan ink which contains 
<<■ at least one cyan dye, wherein an oxidation potential of the magenta dye and an oxidation potential of the cyan dye 
are each nobler than 0.8 V (vs SCE). 

[0019] Preferably, the inorganic mordant is selected from aluminium-containing compounds and zirconium-contain- 
ing compounds. 

40 [0020] Also having studied to achieve an inkjet recording method capable of giving color images that have good hue 
and are fast to light and gas (especially to ozone gas) : we, the present inventors, have found that the problems men- 
tioned above can be solved by a combination of an inkjet recording sheet that has a particulate alumina or alumina 
hydrate-containing, colorant-receiving layer and an ink set that comprises specific dyes not heretofore known in point 
of their oxidation potential. This is the second aspect of the invention. 

45 [0021] Specifically, the second aspect of the invention provides an inkjet recording method of forming an image on 
an inkjet recording sheet that has, on a support, a colorant-receiving layer which contains at least alumina particles or 
alumina hydrate, by using an inkjel recording ink set lhal comprises, as minimum constituent elements thereof, a yellow 
ink which contains at least one yellow dye, a magenta ink which contains at least one magenta dye and a cyan ink 
which contains at least one cyan dye, wherein an oxidation potential of the magenta dye and an oxidation potential of 

50 the cyan dye are each nobler than 0.8 V (vs SCE). 

[0022] Also having studied to achieve an inkjet recording method capable of giving color images that are fast to 
ozone gas and have high density and good glossiness, we, the present inventors, have found that the problems men- 
tioned above can be solved by a combination of an inkjet recording sheet that has a colorant-receiving layer containing 
a cationic polymer having at least any of primary, secondary or tertiary amino groups, and an ink set that comprises 

55 specific dyes not heretofore known in point of their oxidation potential. This is the third aspect of the invention. 

[0023] Specifically, the third aspect of the invention provides an inkjet recording method of forming an image on an 
inkjet recording sheet that has, on a support, a colorant-receiving layer which contains a cationic polymer having at 
least any one of primary, secondary or tertiary amino groups, by using an inkjet recording ink set that comprises, as 
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minimum constituent elements thereof., a yellow ink which contains at least one yellow dye, a magenta ink which 
contains at least one magenta dye and a cyan ink which contains at least one cyan dye, wherein an oxidation potential 
of the magenta dye and an oxidation potential of the cyan dye are each nobler than 0.8 V (vs SCE). 
[0024] The cationic polymer preferably has at least one primary amine. 

[0025] Also preferably, the cationic polymer is at least one of polyallylamine, polyvinylamine and their derivatives. 
[0026] Also preferably, the colorant-receiving layer is formed by applying a coating liquid that contains at least fine 
particles and water-soluble resin, onto the support followed by crosslinking and curing the coating layer. Still preferably 
the coating layer is crosslinked and cured as follows: a basic solution having pH of at least 7.1 is applied onto the 
coating layer, with a crosslinking agent being added to the coating liquid and/or to the basic solution, either (1 ) at the 
same time that the coating liquid is applied onto the support to form the coating layer or (2) in the course of drying the 
coating layer formed by applying the coating liquid onto the support before the coating layer exhibits a falling rate of 
drying. 

[0027] Also having studied to achieve an Inkjet recording method capable of giving color images that are fast to 
ozone gas and have high density, We, the present inventors, have found that the problems mentioned above can be 
solved by a combination of an Inkjet recording sheet that has a colorant-receiving layer containing a quaternary cationic 
polymer having an aromatic group in a partial structure thereof, and an ink set that comprises specific dyes not here- 
tofore known in point of their oxidation potential. This is the fourth aspect of the invention. 

[0028] Specifically, the fourth aspect of the invention provides an inkjet recording method of forming an image on an 
inkjet recording sheel that has, on a support, a coloranl-receiving layer which conLains a quaternary calionic polymer 
having at least one aromatic group in a partial structure thereof, by using an inkjet recording ink set that comprises, 
as minimum constituent elements thereof, a yellow ink which contains at least one yellow dye, a magenta ink which 
contains at least one magenta dye and a cyan ink which contains at least one cyan dye, wherein an oxidation potential 
of the magenta dye and an oxidation potential of the cyan dye are each nobler than 0.8 V (vs SCE). 
[0029] The cationic polymer preferably has a benzyl bond in a partial skeleton thereof. 

[0030] According to the first to fourth aspect of the present invention, we have found that, when the dyes of three 
primary colors satisfy the potential characteristics, then not only the reactivity of the respective dyes to ozone is sig- 
nificantly retarded but also the light fastness thereof is improved and the dyes of different colors do not interact each 
other, therefore having no problem of fading in the area where they are mixed. We have further found that, when dyes 
especially magenta dyes or cyan dyes not satisfying the specific potential condition are used as opposed to the above,' 
then the images formed lose their overall color balance and the full-color image quality thereof is greatly lowered! 
Further our findings are as follows: even when inks of different densities are used as in the recent technique employed 
for increasing color reproducibility, pale color inks are free from a problem of light fastness. In addition, since the stability 
of the dyes themselves is improved, the oxidation stability of inks is also improved and the warranty period of the 
commercial products of inks can be prolonged. 
35 % 

DETAILED DESCRIPTION OF THE INVENTION 

[0031] The first to fourth aspects of the present invention are described in detail hereinunder. 
[0032] First described is the first aspect of the invention. 
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<lnkjet recording ink> 
(Dye) 

[0033] Magenta dye and cyan dye of which the oxidation potential Is nobler than 0.8 V (vs SCE) are used in the 
invention. The dyes of which the oxidation potential is further nobler are more preferred. More preferably, the oxidation 
potential of the dyes is nobler than 1 .0 V (vs SCE), even more preferably nobler than 1 . 1 V (vs SCE), still more preferably 
nobler than 1 .15 V (vs SCE), most preferably nobler than 1 .2 V (vs SCE). 

[0034] The value of oxidation potential of a sample indicates the degree of transferability of electrons from the sample 
to an electrode. The sample having a larger value of oxidation potential (having a nobler oxidation potential) means 
that electrons are harder to be transferred from the sample to an electrode, or in other words, the sample is harder to 
bo oxidized. As to the structure of a compound, the oxidation potential of the compound is nobler when an electron- 
attracting group is introduced thereinto, but is baser when an electron-donating group is introduced thereinto. 
[0035] The value of oxidation potential will be described in detail hereinunder. Briefly, it means that the potential at 
which electrons are drawn off from a compound when the compound forms an anode in voltammetry, and it is believed 
that the oxidation potential of a compound is approximately the same as the energy level of ground-state HOMO of 
the compound. 

[0036] We, the present inventors, have studied the ozone fastness of color images, and have found that there is a 
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correlation between the oxidation potential of the compound in a color image and the ozone fastness of the color image, 
and, when a compound of which the oxidation potential is nobler than saturated calomel electrode (SCE) is used in 
forming a color image, the ozone fastness of the color image increases. 

[0037] The reason why the ozone fastness of the color image is improved may be clarified from the relationship 
5 between HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) of the compound 
and ozone gas. Specifically, it Is believed that a colorant is oxidized through reaction of HOMO of the colorant with 
LUMO of ozone gas, and, as a result, the ozone fastness of a color image will be thereby lowered. Therefore, for 
improving the ozone fastness of color images, HOMO of the colorant shall be lowered to thereby lower the reactivity 
thereof with ozone gas. 

w [0038] The value of oxidation potential (Eox) may be readily measured by anyone skilled in the art. For example, 
methods of measuring it are described in New Instrumental Methods in Electrochemistry by P. Delahay (1954, Inter- 
science Publishers); Electrochemical Methods by A. J. Bard et al. (1980, John Wiley & Sons); and Electrochemical 
Measurement Methods by A. Fujishima et a!. (1984, Gihodo Publishing). 

[0039] Measurement of oxidation potential is described materially. A sample to be analyzed is dissolved in a solvent 
is such as dimethylformamide or acetonitrile that contains a supporting electrolyte such as sodium perchlorate or tetrap- 
ropylammonium perchlorate to have a concentration of from 1 x 10* 6 to 1 x 10 -4 mol-dm -3 and its value of oxidation 
potential versus SCE (saturated calomel electrode) Is measured through cyclic voltammetry or DC polarography. 
[0040] For the supporting electrolyte and the solvent, suitable compounds may be selected depending on the oxi- 
dation potential and the solubility therein of the sample to be analyzed. Examples of usable supporting electrolytes 
20 and solvents are described in Electrochemical Measutvment Methodsby A, Fujishima et al. (1 984, Gihodo Publishing, 
pp. 101-118). 

[0041] The value of oxidation potential may deviate by tens millivolts or so, owing to the influence of the liquid junction 
potential or the sample solution resistance thereon, but it may be calibrated with a standard sample (e.g., hydroqui- 
nono). In that manner, the reproducibility of the thus-measured potential value is ensured. 

25 [0042] In the invention, the oxidation potential of a compound is measured in N.N-dimethylformamide (in this, the 
concentration of the compound is 1 x 10" 3 mol-dm* 3 ) that contains 0.1 mol-dm" 3 of a supporting electrolyte, tetrapro- 
pylammonium perchlorate through DC polarography using SCE (saturated calomel electrode) as the reference elec- 
trode, a graphite electrode as the working electrode and a platinum electrode as the counter electrode. 
[0043] Dyes of any structure satisfying the above-mentioned requirement for the oxidation potential thereof may be 

30 used in the invention. In particular, since yellow dyes are naturally noble in point of oxidation potential (having low 
HOMO), there is not so much limitation on their structure. The structure of the dyes necessary for satisfying the above- 
. mentioned requirement for the oxidation potential thereof is described in detail hereinunder. 

[0044] In the invention, for lowering the reactivity of dye with ozone, a type of electrophile, it is desirable to introduce 
an electron-attracting group into the skeleton of dye to thereby make the oxidation potential of dye nobler. This is 

35 described with reference to the Hammett's substituent constant, op, a criterion of the degree of electrophilicity or elec- 
tron-donability of substituents. Concretely, when a substituent having a large op value such as nitro, cyano, sulfinyl, 
sulfonyl or sulfamoyl group is introduced into dye, then the oxidation potential of the thus-modified dye may be nobler. 
[0045] The Hammetfs substituent constant op is described briefly. The Hammett's rule is a rule of thumb proposed 
by L P. Hammett in 1935 for quantitatively discussing the influence of substituents on the reaction or equilibrium of 

40 benzene derivatives, and its reasonableness is widely admitted in the art. The substituent constant to be obtained by 
the Hammett's rule includes two values op and om, and these are seen in many ordinary documents. For example, 
their details are in Lange's Handbook of Chemistry by J. A. Dean (Ed. 12, 1979, McGraw-Hill); and extra issue of 
Chemical Region (Kagakuno Ryoiki) (No. 122, pp. 96-103, 1979, Nanko-do). 

[0046] In addition to the above-mentioned substituents, in general, those having a larger number of atoms of higher 
^5 electronic negativity as the constituent atoms of chromophores are more effective for making the oxidation potential 

of dye nobler. Therefore, for example, unsaturated hetero rings are preferred to aryl groups for the constitutive elements 

of chromophores as they are more effective for making the oxidation potential of dye nobler. Heleroatoms of higher 

electronic negativity are, for example, nitrogen, oxygen and sulfur atoms, and nitrogen atom is especially preferred. 

[0047] Accordingly, dyes in which the chromophore includes a heteroatom or contains an unsaturated hetero ring or 
50 an electron-attracting group are preferred for use in the invention. 

[0048] Preferred examples of chromophores that include a heteroatom are azo dyes, azomethine dyes and phthalo- 

cyanine dyes. Azo dyes are especially preferred. 

[0049] The unsaturated hetero ring is preferably a 5- or 6-membered unsaturated hetero ring, including, for example, 
thiophene, furan, pyrrole, thiazole, oxazole, imidazole, isothiazole, isoxazole, pyrazole, thiadiazole, oxadiazole, tria- 
55 zole, pyridine, pyridazine, pyrimidine and pyrazine rings. The unsaturated hetero ring may form a condensed ring with 
a hydrocarbon ring and/or an additional hetero ring. In a nitrogen-containing hetero ring, the nitrogen atom may be 
quaternated. In the case where only one tautomer of a tautomeric hetero ring is described, it means to include the 
other tautomer. Of those mentioned above, preferred are thiazole, isothiazole, pyrazole, thiadiazole, pyridine, pyrimi- 
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dine and pyrazine rings. Most preferredare isothiazole, pyrazole, 1 ,2,4-thiadia7ole : 1 ,3,4-thiadiazole and pyridine rings. 
[0050] Preferably, the Hammett's op of the electron-attracting substituent is at least 0.40, more preferably at least 
0.45, most preferably at least 0.50. In the case where one chromophore in dye has multiple electron-attracting groups 
the sum total of op of all the groups is preferably at least 0.50, more preferably at least 0.60, most preferably at least 
0.70. Examples of the electron-attracting group having op of at least 0.40 are described in above-mentioned Lange's 
Handbook of Chemistry by J. A. Dean (Ed. 1 2, 1 979, McGraw-Hill), and extra issue of Chemical Region (Kagaku no 
Ryoiki) (No. 122, pp. 96-103, 1979, Nanko-do). 

[0051] Preferred dyes used in the invention are combination of the following general formula (I): 

(Ch) - (EWG) n General Formula (I) 

wherein Ch represents an unsaturated hetero ring-containing chromophore; EWG represents an electron -attracting 
substituent with op of at least 0.40, mentioned hereinunder; n indicates an integer of from 1 to 8. 
[0052] Ch includes various chromophores of azo dyes, phthalocyanine dyes, azomethine dyes, quinone dyes (e.g 
anthraquinone dyes, anthrapyridone dyes), carbonium dyes (e.g., triphenylmethane dyes, xanthene dyes acridine 
dyes) and azine dyes (e.g., oxazine dyes, thiazine dyes) that have an unsaturated hetero ring-containing chromophore. 
Preferred are azo dyes., phthalocyanine dyes, azomethine dyes and anthrapyridone dyes that have an unsaturated 
hetero ring-containing chromophore; and most preferred are azo dyes and phthalocyanine dyes that have an unsatu- 
rated hetero ring-containing chromophore. 

[0053] Azo dyes preferred for magenta and yellow dyes in the invention are represented by the following general 
formula (II): 

25 Het(A) - N = N - Het(B) General Formula (II) 

wherein Het(A) and Het(B) each represent a 5- or 6-membered unsaturated hetero ring. 

[0054] Examples of the unsaturated hetero ring for Het(A) and Het(B) are thiophene, furan, pyrrole, thiazole, oxazole, 
imidazole, isothiazole, isoxazole, pyrazole, thiadiazole, oxadiazole, triazole, pyridine, pyridazine, pyrimidine and pyra- 
zine rings. These unsaturated hetero rings have an additional substituent. The substituents on the unsaturated hetero 
ring may bond to each other to form a condensed ring with a hydrocarbon ring or an additional unsaturated hetero ring, 
and the condensed ring may have an additional substituent. In a nitrogen-containing unsaturated hetero ring, the ni- 
trogen atom may be quatemated. In the case where only one tautomer of a tautomeric unsaturated hetero ring is 
described, it means to include the other tautomer. 

[0055] In the case where the dye is a water-soluble dye, it preferably has an additional ionic hydrophilic substituent. 
The ionic hydrophilic substituent includes a sulfo group, a carboxyl group, a phosphono group, a quaternary ammonium 
group, etc. 

[0056] The hetero ring for Het(A) and Het(B) is preferably any of thiazole, isothiazole, pyrazole, thiadiazole, pyridine 
and pyrazine rings. More preferably, it is any of isothiazole, pyrazole, thiadiazole and pyridine ring; and most preferably 
it is any of pyrazole, 1 ,2,4-thiadiazole and pyridine rings. 

[0057] Het(A) and Het(B) may have a substituent. The substituent includes, for example, a halogen atom, an alkyl 
group (including a cycloalkyl group), an alkenyl group (including a cycloalkenyl group), an alkynyl group, an aryl group, 
a heterocyclic group, a cyano group, a hydroxyl group, a nitro group, a carboxyl group, an alkoxy group, an aryloxy 
group, a silyloxy group, a heterocyclic-oxy group, an acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy 
group, an aryloxycarbonyloxy group, an amino group (including an anilino group), an acylamino group, an aminocar- 
bonylamino group, an alkoxycarbonylamino group, an aryloxycarbonylamino group, a sulfamoylamino group, an alkyl 
and arylsulfonylamino group, a mercapto group, an alkylthio group, an arylthio group, a heterocyciic-thlo group, a 
sulfamoyl group, a sulfo group, an alkyl and arylsuffinyl group, an alkyl and arylsulfonyl group, an acyl group, an ary- 
loxycarbonyl group, an alkoxycarbonyl group, a carbamoyl group, an aryl and helerocyclic-azo group, an imido group, 
a phosphino group, a phosphono group, a phosphinyl group, a phosphinyloxy group, a phosphinylamino group, and a 
siryl group. Above all, preferred are substituents of a halogen atom, a heterocyclic group, a cyano group, a nitro group, 
a carboxyl group, an acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy group, an aryloxycarbonyloxy group, 
a sulfamoyl group, a sulfo group, an alkyl and arylsulfinyl group, an alkyl and arylsulfinyl group, an acyl group, an 
aryloxycarbonyl group, an alkoxycarbonyl group, a carbamoyl group, an imido group, a phosphoryl group, a phosphono 
group, a phosphinoyl group, a phosphonyl group, a phosphonoyloxy group, and a phosphinoylamino group. In partic- 
ular, especially preferred are electron-attracting groups, and more preferred are those having op of at least 0.40. Ex- 
amples of the substituents having op of at least 0.40 are a cyano group, a nitro group, a carboxyl group, a sulfamoyl 
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group, an alkyl and arylsulfinyl group, an alkyl and arylsulfonyl group, an acyl group, an aryloxycarbonyl group, an 
alkoxycarbonyl group, a carbamoyl group, an imido group, a phosphono group, a phosphoryl group, as well as an alkyl 
group substituted with an electron-attracting group (e.g., trihalom ethyl, perfluoroalkyl, dicyanomethyl, iminomethyl), 
an alkenyl group substituted with an electron-attracting group (e.g., tricyanovinyl), and a quaternary salt substituent 
5 (e.g., sulfonium, ammonium, phosphonium). Of the functional groups mentioned above, those having a hydrogen atom 
may be further substituted by removing the hydrogen atom and substituting it with any of the above-mentioned groups. 
Examples of the substituents are an alkylcarbonylaminosulfonyl group, an arylcarbonylaminosulfonyl group, an alkyl- 
sulfonylaminocarbonyf group, and an arylsulfonylaminocarbonyl group. 

[0058] The substituents on the hetero ring may bond to each other to form a condensed ring with the heteroatom, 
10 and the condensed ring may further have an additional substituent. 



[0059] Preferred examples of the magenta dyes for use herein are those represented by the following general formula 
(M-l): 



[0060] In general formula (M-l), A represents a residue of a 5-mcmbored heterocyclic diazo component A-NH 2 ; B 1 
25 and B 2 represent -CR 1 = and -CR 2 ^ respectively, or any one of them represents a nitrogen atom and the other repre- 
sents -CR 1 = or -CR 2 =; R 5 and R 6 each independently represent a hydrogen atom, an aliphatic group, an aromatic 
group, a heterocyclic group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, a carbamoyl group, 
an alkyl or arylsulfonyl group, or a sulfamoyl group, which may have an additional substituent. 
[0061] G, R 1 and R 2 each independently represent a hydrogen atonrv a halogen atom, an aliphatic group, an aromatic 
30 group, a heterocyclic group, a cyano group, a carboxyl group, a carbamoyl group, an alkoxycarbonyl group, an ary- 
loxycarbonyl group, a heterocyclic-oxycarbonyl group, an acyl group, a hydroxyl group, an alkoxy group, an aryloxy 
; group, a heterocyclic-oxy group, a silyloxy group, an acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy 
group, an aryloxycarbonyloxy group, an amino group (including a heterocyclic amino group and an anilino group), an 
acylamino group, an ureido group, a sulfamoylamino group, an alkoxycarbonylamino group, an aryloxycarbonylamino 
35 * group, an alkyl or arylsulfonylamino group, a heterocyclic sulfonylamino group, a nitro group, an alkyl or arylthio group, 
an alkyl or arylsulfonyl group, a heterocyclic sulfonyl group, an alkyl or arylsulfinyl group, a heterocyclic sulfinyl group, 
a sulfamoyl group, a sulfo group or a heterocyclic-thio group, which may be optionally substituted. R 1 and R 5 , or R 5 
and R 6 may bond to each other to form a 5- or 6-membered ring. 

[0062] In general formula (M-l), A represents a residue of a 5-membered heterocyclic diazo component A-NH 2 . 

40 Examples of the heteroatom of the hetero ring are N, O and S. Preferably, the hetero ring is a nitrogen-containing 
5-membered hetero ring. The hetero ring may be condensed with an aliphatic ring, an aromatic ring or any other hetero 
ring. Preferred examples of the hetero ring for A are pyrazole, imidazole, thiazole, isothiazole, thiadiazole, benzothia- 
zole, benzoxazole and benzisothiazole rings. These hetero rings may be further substituted. Above all, pyrazole, imi- 
dazole, Isothiazole, thiadiazole and benzothiazole rings represented by the following general formula (a) to (f) are 

45 preferred. 



15 



General Formula (M-I) 
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55 



General Formula 

(a) (b) 

R 7 R 8 R 10 r" 



10 



15 



20 



25 



30 




N 




(c) (d) 

m -R 12 N-N 

-<X 



(•) (f) 




R 18 



-< x 



R 19 



R 20 



[0063] In general formulae (a) to (f), R 7 to R20 represent the same substituents as those described for G, R 1 and R2 
Of formulae (a) to (f), preferred are pyrazole and isothiazole rings of formulae (a) and (b); and most preferred is the 
pyrazole ring of formula (a). 

[0064] In general formula (M-l), B 1 and B* represent -CR 1 = and -CR2 =l respectively, or any one of them represents 
a nitrogen atom and the other represents -CR 1 = or -CR2=. Preferably, they represent -CR 1 = and -CR2=. 
[0065] R5 and R6 each independently represent a hydrogen atom, an aliphatic group, an aromatic group, a hetero- 
cyclic group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, a carbamoyl group, an alkyl or aryl- 
sulfonyl group, or a sulfamoyl group, which may have an additional substituent. Preferably, R* and R6 each are any of 
a hydrogen atom, an aliphatic group, an aromatic group, a heterocyclic group, an acyl group, or an alkyl or arylsulfonyl 
group; more preferably, any of a hydrogen atom, an aromatic group, a heterocyclic group, an acyl group, or an alkyl 
or arylsulfonyl group; most preferably, any of a hydrogen atom, an aryl group or a heterocyclic group. The groups may 
be further substituted. However, R5 and R* are not hydrogen atoms at the same time. 

[0066] G, R1 and R2 each independently represent a hydrogen atom : a halogen atom, an aliphatic group, an aromatic 
group, a heterocyclic group, a cyano group, a carboxyl group, a carbamoyl group, an alkoxycarbonyl group, an ary- 
loxycarbonyl group, a heterocyclic-oxycarbonyl group, an acyl group, a hydroxyl group, an alkoxy group, an aryloxy 
group, a heterocyclic-oxy group, a silyloxy group, an acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy 
group, an aryloxycarbonyloxy group, an amino group (including an anilino group and a heterocyclic amino group), an 
acylamino group, an ureido group, a sulfamoylamino group, an alkoxycarbonylamino group, an aryloxycarbonylamino 
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group, an alkyl or arylsulfonylamino group, a heterocyclic sulfonylamino group, a nitro group, an alkyl or arylthio group, 
a heterocyclic-thio group, an alkyl or arylsulfonyl group, a heterocyclic sulfonyl group, an alkyl or arylsulfinyl group, a 
heterocyclic sulfinyl group, a sulfamoyl group or a sulfo group, which may be optionally substituted. 
[0067] Preferably, G is any of a hydrogen atom, a halogen atom, an aliphatic group, an aromatic group, a hydroxy I 

5 group, an alkoxy group, an aryloxy group, an acyloxy group, a heterocyclic-oxy group, an amino group (including an 
anilino group and a heterocyclic amino group), an acylamino group, an ureido group, a sulfamoylamino group, an 
alkoxycarbonylarnino group, an aryloxycarbonyl amino group, an alkyl or arylthio group or a heterocyclic-thio group; 
more preferably any of a hydrogen atom, a halogen atom, an alkyl group, a hydroxy! group, an alkoxy group, an aryloxy 
group, an acyloxy group, an amino group (including an anilino group and a heterocyclic amino group) or an acylamino 

io group; most preferably any of a hydrogen atom, an anilino group or an acylamino group. The groups may be further 
substituted. 

[0068] Also preferably, R 1 and R 2 each are any of a hydrogen atom, an alkyl group, a halogen atom, an alkoxycarbonyi 
group, a carboxyl group, a carbamoyl group, a hydroxy! group, an alkoxy group or a cyano group. These groups may 
be further substituted. R 1 and R 5 , or R 5 and R 6 may bond to each other to form a 5- or 6-membered ring. 
15 [0069] In the case where the groups of A, R 1 , R 2 , R 5 , R 6 and G are further substituted, the substituents mentioned 
above for G, R 1 and R 2 are referred to for the substituents of the substituted groups. 

[0070] In the case where the dyes of the invention are soluble in water, It is desirable that any of A, R 1 , R 2 R 5 , R 6 
and G has an additional substltuent of an ionic hydrophllic group. The ionic hydrophilic group for the substituent includes 
a sulfo group, a carboxyl group, a phosphono group and a quaternary ammonium group. For the ionic hydrophilic 
20 group, preferred are a carboxyl group, a phosphono group and a sulfo group; and more preferred are a carboxyl group 
and a sulfo group. The carboxyl, phosphono and sulfo groups may be in the form of salts. Examples of the counter ion 
to form the salts are ammonium ions, alkali metal ions (e.g., lithium, sodium and potassium ions), and organic cations 
(e.g., tetramethylammonium tetramethylguanidium and tetramethylphosphonium ions). 

[0071] The aliphatic group as referred to herein means to include an alkyl group, a substituted alkyl group, an alkenyl 

25 group, a substituted alkenyl group, an alkynyl group, a substituted alkynyl group, an aralkyl group and a substituted 
aralkyl group. The aliphatic group may be branched or may be cyclic. Preferably, the aliphatic group has from 1 to 20 
carbon atoms, more preferably from 1 to 16 carbon atoms. The aryl moiety of the aralkyl group and the substituted 
aralkyl group is preferably a phenyl or naphthyl group, more preferably a phenyl group. Examples of the aliphatic group 
are methyl, ethyl, butyl, isopropyl, t-butyl hydroxyethyl, methoxyethyl, cyanoethyl, trifluoromethyl, 3-sulfopropyl, 4-sul- 

30 fobutyl, cyclohexyl, benzyl, 2-phenethyl, vinyl and allyl groups. 

[0072] The aromatic group as referred to herein means to include an aryl group and a substituted aryl group. The 
aryl group is preferably a phenyl or naphthyl group, more preferably a phenyl group. The aromatic group preferably 
has from 6 to 20 carbon atoms, more preferably from 6 to 1 6 carbon atoms. Examples of the aromatic group are phenyl , 
p-tolyl, p-methoxyphenyl, o-chlorophenyl and m-(3-sulfopropylamino)phenyl groups. 

35 [0073] The heterocyclic group means to include a substituted heterocyclic group and an unsubstituted heterocyclic 
group. The hetero ring may be condensed with an aliphatic ring, an aromatic or any other hetero ring. The heterocyclic 
group is preferably a 5- or 6-membered heterocyclic group. Examples of the substituent of the substituted heterocyclic 
group are an aliphatic group, a halogen atom, an alkyl and arylsulfonyl group, an acyl group, an acylamino group, a 
sulfamoyl group, a carbamoyl group, and an ionic hydrophilic group. Examples of the heterocyclic group are 2-pyridyl, 

40 2-thienyl, 2-thiazolyl, 2-benzothiazolyl, 2-benzoxazolyl and 2-furyl groups. 

[0074] The alkyl and arylsulfonyl group means to include a substituted alkyl and arylsulfonyl group, and an unsub- 
stituted alkyl and arylsulfonyl group. Examples of the alkyl and arylsulfonyl group are methylsulfonyl and phenylsulfonyl 
groups. 

[0075] The alkyl and arylsulfinyl group means to include a substituted alkyl and arylsulfinyl group, and an unsubsti- 
45 tuted alkyl and arylsulfinyl group. Examples of the alkyl and arylsulfinyl group are methylsulfinyl and phenylsulfinyl 
groups. 

[0076] The acyl group means to include a substituted acyl group and an unsubstituted acryl group. The acyl group 

preferably has from 1 to 20 carbon atoms. One example of the substituent of the substituted acyl group is an ionic 

hydrophilic group. Examples of the acyl group are acetyl and benzoyl groups. 
50 [0077] The halogen atom includes fluorine, chlorine and bromine atoms. 

[0078] The amino group includes an amino group substituted with an alkyl, aryl or heterocyclic group. The alkyl, aryl 

and heterocyclic groups may be further substituted. The alkylamino group preferably has from 1 to 20 carbon atoms. 

One example of the substituent of the substituted groups is an ionic hydrophilic group. Examples of the alkylamino 

group are methylamino and diethylamino groups. 
55 [0079] The arylamino group means to include a substituted arylamino group and an unsubstituted arylamino group. 

The arylamino group preferably has from 6 to 20 carbon atoms. Examples of the substituent of the substituted arylamino 

group are a halogen atom and an ionic hydrophilic group. Examples of the arylamino group are phenylamino and 

2-chlorophenylamino groups. 
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[0080] The heterocyclic amino group means to include a substituted heterocyclic amino group and an unsubstituted 
heterocyclic amino group. The heterocyclic amino group preferably has from 2 to 20 carbon atoms. Examples of the 
substituent of the substituted group are an alkyl group, a halogen atom and an ionic hydrophilic group. 
[0081 ] The alkoxy group means to include a substituted alkoxy group and an unsubstituted alkoxy group. The alkoxy 
group preferably has from 1 to 20 carbon atoms. Examples of the substituent of the substituted alkoxy group are an 
alkoxy group, a hydroxyl group, and an ionic hydrophilic group. Examples of the alkoxy group are methoxy, ethoxy, 
isopropoxy, methoxyethoxy, hydroxyethoxy and 3-carboxypropoxy groups. 

[0082J The aryloxy group means to include a substituted aryloxy group and an unsubstituted aryloxy group. The 
aryloxy group preferably has from 6 to 20 carbon atoms. Examples of the substituent for the substituted aryloxy group 
are an alkoxy group and an ionic hydrophilic group. Examples of the aryloxy group are phenoxy, p-methoxyphenoxy 
and o-methoxyphenoxy groups. 

[0083] The silyloxy group is preferably substituted with an aliphatic and/or aromatic group having from 1 to 20 carbon 
atoms. Examples of the silyloxy group are trimethylsilyloxy and diphenylmethylsilyloxy groups. 
[0084] The heterocyclic-oxy group means to include a substituted heterocyclic-oxy group and an unsubstituted het- 
erocyclic-oxy group. The heterocyclic-oxy group preferably has from 2 to 20 carbon atoms. Examples of the substituent 
of the substituted heterocyclic-oxy group are an alkyl group, an alkoxy group, and an ionic hydrophilic group. Examples 
of the heterocyclic-oxy group are 3-pyridy!oxy and 3-thlenyloxy groups. 

[0085] The alkoxycarbonyioxy group means to include a substituted alkoxycarbonyloxy group and an unsubstituted 
alkoxycarbonyloxy group. The alkoxycarbonyloxy group preferably has from 2 to 20 carbon atoms. Examples or the 
alkoxycarbonyloxy group are methoxycarbonyloxy and isopropoxycarbonyloxy groups. 

[0086] The aryloxycarbonyloxy group means to include a substituted aryloxycarbonyloxy group and an unsubstituted 
aryloxycarbonyloxy group. The aryloxycarbonyloxy group preferably has from 7 to 20 carbon atoms. One example of 
the aryloxycarbonyloxy group is a phenoxycarbonyloxy group. 

[0087] The acylamino group moans to include a substituted acylamino group and an unsubstituted acylamino group. 
The acylamino group preferably has from 2 to 20 carbon atoms. One example of the substituent of the substituted 
acylamino group is an ionic hydrophilic group. Examples of the acylamino group are acetylamino, propionylamino, 
benzoylamino, N-phenyfacetylamino and 3,5-disulfobenzoylamino groups. 

[0088] The ureido group means to include a substituted ureido group and an unsubstituted ureido group. The ureido 
group preferably has from 1 to 20 carbon atoms. Examples of the substituent of the substituted ureido group are an 
alkyl group and an aryl group. Examples of the ureido group are 3-methylureido, 3,3-dimethylureido and 3-phenylureido 
groups. 

[0089] The sulfamoylamino group means to include a substituted sulfamoylamino group and an unsubstituted sul- 
famoylamino group. One example of the substituent of the substituted sulfamoylamino group is an alkyl group. One 
example of the sulfamoylamino group is an N,N-dipropylsulfamoylamino group. 

[0090] The alkoxycarbonylamino group means to include a substituted alkoxycarbonylamino group and an unsub- 
stituted alkoxycarbonylamino group. The alkoxycarbonylamino group preferably has from 2 to 20 carbon atoms. One 
example of the substituent of the substituted alkoxycarbonylamino group is an ionic hydrophilic group. One example 
of the alkoxycarbonylamino group is an ethoxycarbonylamino group. 

[0091] The alkyl and arylsulfonylamino group means to include a substituted alkyl and arylsulfonyiamino group and 
an unsubstituted alkyl and arylsulfonylamino group. The sulfonylamino group preferably has from 1 to 20 carbon atoms. 
One example of the substituent of the substituted alkyl and arylsulfony group is an ionic hydrophilic group. Examples 
of the sulfonylamino group are methylsulfonylamino, IM-phenyl-methylsulfonylamino, phenylsulfonylamino and 3-car- 
boxyphenylsulfonylamino groups. 

[0092] The carbamoyl group means to include a substituted carbamoyl group and an unsubstituted carbamoyl group. 
One example of the substituent of the substituted carbamoyl group is an alkyl group. Examples of the carbamoyl group 
are methylcarbamoyl and dimethylcarbamoyl groups. 

[0093] The sulfamoyl group means to include a substituted sulfamoyl group and an unsubstituted sulfamoyl group. 
One example of the substituent of the substituted sulfamoyl group is an alkyl group. Examples of the sulfamoyl group 
are dimethylsulfamoyl and di(2-hydroxyethyl)sulfamoyl groups. 

[0094] The alkoxycarbonyl group means to include a substituted alkoxycarbonyl group and an unsubstituted alkox- 
ycarbonyl group. The alkoxycarbonyl group preferably has from 2 to 20 carbon atoms. One example of the substituent 
of the substituted alkoxycarbonyl group is an ionic hydrophilic group. Examples of the alkoxycarbonyl group arc mcth- 
oxycarbonyl and ethoxycarbonyl groups. 

[0095] The acyloxy group means to include a substituted acyloxy group and an unsubstituted acyloxy group. The 
acyloxy group preferably has from 1 to 20 carbon atoms. One example of the substituent of the substituted acyloxy 
group is an ionic hydrophilic group. Examples of the acyloxy group are acetoxy and benzoyloxy groups. 
[0096] The carbamoyloxy group means to include a substituted carbamoyloxy group and an unsubstituted carbamoy- 
loxy group. One example of the substituent of the substituted carbamoyloxy group is an alkyl group. One example of 
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the carbamoyloxy group is an N-methylcarbamoyloxy group. 

[0097] The aryloxycarbonyl group means to include a substituted aryloxycarbonyl group and an unsubstituted ary- 
loxycarbonyl group. The aryloxycarbonyl group preferably has from 7 to 20 carbon atoms. One example of the sub* 
stituent of the substituted aryloxycarbonyl group is an ionic hydrophilic group. One example of the aryloxycarbonyl 

s group is a phenoxycarbonyl group. 

[0098] The aryloxycarbonyl ami no group means to include a substituted aryloxycarbonylamino group and an unsub- 
stituted aryloxycarbonylamino group. The aryloxycarbonylamino group preferably has from 7 to 20 carbon atoms. One 
example of the substituent of the substituted aryloxycarbonylamino group is an ionic hydrophilic group. One example 
of the aryloxycarbonylamino group is a phenoxycarbonylamino group. 

10 [0099] The alkyl, aryl and heterocyclic-thio group means to include a substituted alky I, aryl and heterocyclic-thio 
group and an unsubstituted alkyl, aryl and heterocyclic-thio group. The alkyl, aryl and heterocyclic-thio group preferably 
has from 1 to 20 carbon atoms. One example of the substituent of the substituted alkyl, aryl and heterocyclic-thio group 
is an ionic hydrophilic group. Examples of the alkyl, aryl and heterocyclic-thio group are methylthio, phenylthio and 
2-pyridylthio groups. 

is [0100] The heterocyclic-oxycarbonyl group means to include a substituted heterocyclic-oxycarbonyl group and an 
unsubstituted heterocyclic-oxycarbonyl group. The heterocyclic-oxycarbonyl group preferably has from 2 to 20 carbon 
atoms. One example of the substituent of the substituted group is an ionic hydrophilic group. One example of the 
heterocyclic-oxycarbonyl group is a 2-pyridyloxycarbonyl group. 

[0101] The heterocyclic sulfonylamino group means to include a substituted heterocyclic sulfonylamino group and 
20 an unsubstituted heterocyclic sulfonylamino group. The heterocyclic sulfonylamino group preferably has from 1 to 12 
carbon atoms. One example of the substituent of the substituted heterocyclic sulfonylamino group is an ionic hydrophilic 
group. Examples of the heterocyclic sulfonylamino group are 2-thiophenesulfonylamino and 3-pyridinesulfonylamino 
groups. 

[0102] The heterocyclic sulfonyl group means to include a substituted heterocyclic sulfonyl group and an unsubsti- 
25 tuted heterocyclic sulfonyl group. The heterocyclic sulfonyl group preferably has from 1 to 20 carbon atoms. One 
example of the substituent of the substituted heterocyclic sulfonyl group is an ionic hydrophilic group. Examples of the 
heterocyclic sulfonyl group are 2-thiophenesulfonyl and 3-pyridinesulfonyl groups. 

[01 03] The heterocyclic suifinyl group means to include a substituted heterocyclic sulfinyl group and an unsubstituted 
heterocyclic sulfinyl group. The heterocyclic sulfinyl group preferably has from 1 to 20 carbon atoms. One example of 
30 the substituent of the substituted group is an ionic hydrophilic group. One example of the heterocyclic sulfinyl group is 
a 4-pyridinesulfinyl group. 

[0104] The dyes of formula (M-l) used in the invention are preferably those represented by the following general 
• formula (IvWI): 

35.<: 

General Formula ( M — II ) 



40 




R 3 

[0105] In general formula (M-ll), Z 1 represents an electron-attracting group having a Hammetfs substituent constant 
50 op of at least 0.20. Preferably, Z-j is an electron-attracting group having ap of at least 0.30, more preferably at least 
0.45, further preferably at least 0.60, but not exceeding 1 .0. Preferred examples of the electron -attracting group for Z 1 
are mentioned below. Above all, is preferably any of an acyl group having from 2 to 20 carbon atoms, an alkyloxy- 
carbonyl group having from 2 to 20 carbon atoms, a nitro group, a cyano group, an alkylsulfonyl group having from 1 
to 20 carbon atoms, an arylsulfonyl group having from 6 to 20 carbon atoms, a carbamoyl group having from 1 to 20 
55 carbon atoms, or a halogenoalkyl group having from 1 to 20 carbon atoms; more preferably any of a cyano group, an 
alkylsulfonyl group having from 1 to 20 carbon atoms, or an arylsulfonyl group having from 6 to 20 carbon atoms; most 
preferably a cyano group. 

[01 06] R 1 , R 2 , R 5 and R 6 have the same meanings as those in formula (M-l). R 3 and R 4 each independently represent 
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15 



a hydrogen atom, an aliphatic group, an aromatic group, a heterocyclic group, an acyl group, an alkoxycarbonyl group 
an aryloxycarbonyl group, a carbamoyl group, an alkyl or arylsulfonyl group, or a sulfamoyl group. Above all they are 
preferably any of a hydrogen atom, an aromatic group, a heterocyclic group, an acyl group, or an alkyl or arylsulfonyl 
group; more preferably any of a hydrogen atom, an aromatic group, or a heterocyclic group. Z 2 represents a hydrogen 
atom, an aliphatic group, an aromatic group or a heterocyclic group. Q represents a hydrogen atom, an aliphatic group 
an aromatic group or a heterocyclic group. Above all, Q is preferably a group that comprises non-metallic atoms nec- 
essary for forming a 5- to 8-membered ring. The 5- to 8-membered ring may be substituted, and may be a saturated 
ring or may have an unsaturated bond. Above all, it is more preferably an aromatic group or a heterocyclic group 
Preferred non-metallic atoms for it are nitrogen, oxygen, sulfur and carbon atoms. Examples of the cyclic structure are 
benzene, cyclopentane. cyclohexane, cycloheptane, cycloctane, cyclohexene, pyridine, pyrrolidine, pyrazine pyri- 
dazine, tnaz.ne, imidazole, benzimidazole, oxazole, benzoxazole, thiazole, benzolhiazole. oxane, sulforane and thian 
rings. 

[0107] The substituents in general formula (M-ll) may be further substituted. In the case where they are further 
substituted, the substituents described for the groups in formula (M-l) and the groups hereinabove mentioned for G 

and R and also lonic hydrophilic groups are referred to for the additional substituents for them. 
[0108] The electron-attracting group having a Hammett's substituent constant op of at least 0.60 includes for ex- 
ample, a cyano group, a nltro group, an alkylsulfonyl group (e.g., methanesulfonyl group), and an arylsulfonyl group 
(e.g., benzenesulfonyl group). M y 

[0109] Examples or the electron-attracting group having a Hammetfs substituent constant op of at least 0 45 are in 
addition to the groups mentioned above, an acyl group (e.g., acetyl group), an alkoxycarbonyl group (e.g dodecy- 
loxycarbonyl group), an aryloxycarbonyl group (e.g., m-chlorophenoxycarbonyl), an alkylsulfinyl group (e.g., n-propyl- 
sulfmyl), an arylsulfinyl group (e.g., phenylsulfinyl), a sulfamoyl group (e.g., N-ethylsulfamoyl, N,N-dimethylsulfamoyl) 
and a halogenoalkyl group (e.g., trifluoromethyl). ' 
[01 1 0] Examples of the electron-attracting group having a Hammett's substituent constant op of at least 0.30 are in 
addition to the groups mentioned above, an acyloxy group (e.g., acetoxy), a carbamoyl group (e.g., N-ethylcarbamoyl 
N,N-dibutylcart>amoyl), a halogenoalkoxy group (e.g., trifluoromethoxy), a halogenoaryloxy group (e.g., pentafluoroph- 
enyloxy), a sulfonyloxy group (e.g., methylsulfonyloxy), a halogenoalkylthio group (e.g., difluoromethylthio), an aryl 
group substituted with at least two electron-attracting groups each having op of at least 0.15 (e.g., 2,4-dinitrophenyl 
pentachlorophenyl), and a heterocyclic group (e.g., 2-benzoxazolyl, 2-benzothiazolyl, 1-phenyl-2-ben7imida7olyl) Ex- 
amples of the electron-attracting group having op of at least 0.20 are, in addition to the groups mentioned above a 
halogen atom. 

2? 11 1 J specially Preferred combinations of the substituents of the azo dyes of formula (M-l) are mentioned below 
and R are P refe rably any of a hydrogen atom, an alkyl group, an aryl group, a heterocyclic group, a sulfonyl group 
or an acyl group; more preferably any of a hydrogen atom, an aryl group, a heterocyclic group or a sulfonyl group' 
most preferably any of a hydrogen atom, an aryl group or a heterocyclic group. However, R5 and R* must not be 
hydrogen atoms at the same time. 

[0112] G is preferably a hydrogen atom, a halogen atom, an alkyl group, a hydroxyl group, an amino group or an 
acylamino group, more preferably a hydrogen atom, a halogen atom, an amino group or an acylamino group, most 
preferably a hydrogen atom, an amino group or an acylamino group. 
« [01 13] A is preferably a pyrazole ring, an imidazole ring, an isothiazole ring, a thiadiazole ring or a benzolhiazole 
nng. more preferably a pyrazole ring or an isothiazole ring, most preferably a pyrazole ring 

[01 14] Also preferably, B' and B* are -CRi= and -CR2=, respectively; and R1 and R2 are preferably any of a hydrogen 
atom, an alkyl group, a halogen atom, a cyano group, a carbamoyl group, a carboxyl group, a hydroxyl group, an alkoxy 
group or an alkoxycarbonyl group, more preferably any of a hydrogen atom, an alkyl group, a carboxyl group a cyano 
"s group or a carbamoyl group. /on a k. y 

[01 15] Preferred cyan dyes for use herein are those represented by the following general formula (C-l): 
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General Formula (C — I ) 




[01 16] In general formula (C-l), X 1 , Xg, X 3 and X 4 each independently represent an electron-attracting group having 
25 op of at least 0.40. Yj , Y 2 , Y 3 and Y 4 each independently represent a monovalent substituent. M represents a hydrogen 
atom, a metal element or its oxide, hydroxide or halide. a 1 to a 4 , and b A to b 4 each indicate the number of the substituents 
of X 1 to X 4 and Y 1 to Y 4 , respectively. a 1 to a 4 each are independently an integer of from 0 to 4, and b 1 to b 4 each are 
independently an integer of from 0 to 4. However, the sum total of a 1 to a 4 is at least 2, preferably at least 3. Most 
preferably, a 1 = a 2 = a 3 = a 4 = 1 . In the case where the dyes are soluble in water, they preferably have an ionic hydrophilic 
30 substituent in any site of X 1( X 2 , X 3 , X 4 , Y 1p Y 2 , Y 3 and Y 4 . The ionic hydrophilic substituent includes, for example, a 
sulfo group, a carboxyl group, a phosphono group and a quaternary ammonium group. 

[01 17] Of the phthalocyanine dyes of formula (C-l), more preferred are those represented by the following general 
formula (C-ll). The phthalocyanine dyes of formula (C-ll) used in the invention are described in detail hereinunder. 

35 - * 

General Formula ( C — II ) 
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[0118] In general formula (C-ll), X t1 to X 14 each independently represent-SO-Z, -S0 2 -Z, -S0 2 NR 1 R 2 , a sulfo group, 
-CONR^g or -C0 2 R v Y u to Y 18 each independently represent a monovalent substituent. M represents a hydrogen 
atom, a metal atom or its oxide, hydroxide or halide. a„ to a 14 each indicate the number of the substituents of X« to 
X 14 , respectively; and they are independently an integer of 1 or 2. 

[01 1 9] Z independently represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl 
group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or un- 
substituted aryl group, or a substituted or unsubstituted heterocyclic group. R 1 and R 2 each independently represent 
a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substi- 
tuted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl 
group, or a substituted or unsubstituted heterocyclic group. 

[0120] In general formula (C-ll), a„ to a 14 are independently an integer of 1 or 2. More preferably, 4 £ a„ + a 12 + 
a 13 + a 14 < 6; and even more preferably a„ = a 12 = a 13 = a 14 = 1 . 

[0121] X 1tl X 12 , X 13 and X 14 may be entirely the same, or may be partly the same. For example, X t1 , X 12 , X 13 and 
X 14 are all -S0 2 -Z, in which, however, Z may differ among them. In other words, they may be the substituents of the 
same type but may differ in point of the partial structure. Further, they may include different substituents. For example 
they may include different substituents of -S0 2 -Z and -S0 2 NR 1 R 2 at the same time. 

[0122] Especially preferred combinations of the substituents in the phthalocyanine dyes of formula (C-ll) are men- 
tioned below. 

[0123] Preferably, X„ to X 14 are each independently -SO-Z, -S0 2 -Z,-S0 2 NR 1 R 2 or -CONR 1 R 2 ; more preferably 
-S0 2 -Z or -S0 2 NR 1 R 2 ; most preferably -S0 2 -Z. 

[01 24] Also preferably, Z is independently a substituted or unsubstituted alkyl group, a substituted or unsubstituted 
aryl group, or a substituted or unsubstituted heterocyclic group; most preferably a substituted alkyl group, a substituted 
aryl group or a substituted heterocyclic group. In particular, for increasing the dye solubility and the ink stability, it is 
desirable that the substituent has an asymmetric carbon (and the dyo is in the form of racemate). For enhancing the 
degree of association of the dye to improve the fastness thereof, it is also desirable that the substituent has any of a 
hydroxy! group, an ether group, an ester group, a cyano group, an amido group or a sulfonamido group. 
[0125] Preferably, R., and R2 are independently a hydrogen atom, a substituted or unsubstituted alkyl group, a sub- 
stituted or unsubstituted aryl group, or a substituted or unsubstituted heterocyclic group; most preferably a hydrogen 
atom, a substituted alkyl group, a substituted aryl group or a substituted heterocyclic group. However, it is undesirable 
that R 1 and R, are both hydrogen atoms. In particular, for increasing the dye solubility and the ink stability, it is desirable 
that the substituent has an asymmetric carbon (and the dye is in the form of racemate). For enhancing the degree of 
association of the dye to improve the fastness thereof, it is also desirable that the substituent has any of a hydroxyl 
group, an ether group, an ester group, a cyano group, an amido group or a sulfonamido group. 
[0126] Preferably, Y„ to Y 18 each are a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano 
group, an alkoxy group, an amido group, an ureido group, a sulfonamido group, a carbamoyl group, a sulfarnoyl group, 
an alkoxycarbonyl group, a carboxyl group, or a sulfo group; more preferably a hydrogen atom, a halogen atom, a 
cyano group, a carboxyl group, or a sulfo group; most preferably a hydrogen atom. Also preferably, a„ to a 14 are 
independently 1 or 2, more preferably they are all 1. M is a hydrogen atom, a metal element or its oxide, hydroxide or 
halide, and is preferably Cu, Ni, Zn or Al, most preferably Cu. 

[0127] In the case where the phthalocyanine dyes of formula (C-l) or (C-ll) are soluble in water, they preferably have 
an ionic hydrophilic group. The ionic hydrophilic group includes, for example, a sulfo group, a carboxyl group, a 
phosphono group and a quaternary ammonium group. For the ionic hydrophilic group for the dyes, preferred are a 
carboxyl group, a phosphono group and a sulfo group; and more preferred are a carboxyl group and a sulfo group 
The carboxyl, phosphono and sulfo groups may be in the form of salts. Examples of the counter ion to form the salts 
are ammonium ions, alkali metal ions (e.g., lithium, sodium and potassium ions), and organic cations (e.g., tetrame- 
thylammonium, tetramethylguanidium andtetramethylphosphonium ions). For the counter Ion, especially preferred are 
alkali metal sails, and more preferred are lithium salts as increasing the dye solubilily and enhancing the ink stability. 
[0128] Regarding the number of the ionic hydrophilic groups, it is desirable that the phthalocyanine dye has at least 
two ionic hydrophilic groups in one molecule, more preferably at least two sulfo and/or carboxyl groups. 
[0129] Regarding the preferred combinations of the substituents to be in the compounds of formula (C-ll), it is de- 
sirable that at least one substituent of the compound falls within the preferred range mentioned hereinabove; more 
preferably a larger number of substituents fall within the preferred range; most preferably all substituents fall within the 
preferred range. 

[0130] Regarding the chemical structure of the phthalocyanine dyes that are preferred for use in the invention, it is 
desirable that at least one electron -attracting group such as a sulfinyl group, a sulfonyl group or a sulfarnoyl group is 
introduced into all the four benzene rings of the phthalocyanine skeleton so that the total of op of all these substituents 
in the phthalocyanine skeleton may be at least 1 .6. 

[0131] The phthalocyanine derivatives of formula (C-l) are generally in the form of a mixture of analogues thereof in 
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which the position and the number of the substituents Xn (n = 1 to 4) and Ym (m = 1 to 4) inevitably differ depending 
on the method of producing them. In most cases, therefore, the general formula for them is to indicate the statistic 
average of the mixture of analogues of the derivatives. Having grouped the mixture of analogues into three types 
mentioned below, we, the present inventors, have found that a specific type of the mixture is especially preferred in 
5 the invention. Specifically, the mixture of phthalocyanine dye analogues of formulae (C-l) and (C-II) is grouped into the 
following three types, depending on the position of the substituents in the analogues, and each type is defined as in 
the following: 

(1) p-substitutedtype: phthalocyanine dyes having a specific substituent at 2- and/or 3-position, 6 and/or 7-position, 
10 10- and/or 11-position, and 14- and/or 15-position. 

(2) a-substitutedtype: phthalocyanine dyes having a specific substituent at 1 - and/or 4-position, 5 and/or 8-position, 
9- and/or 12-position, and 13- and/or 1 6-position. 

(3) ct.p-substituted type: phthalocyanine dyes having a specific substituent at any of 1- to 16-positions with no 
regularity. 

75 

[0132] When phthalocyanine dye derivatives of different structures (especially in point of the position of substitution) 
are described herein, they are referred to as any of the above-mentioned, p-substituted, a-substituted, or a.p-substi- 
tuted type. 

[01 33] The phthalocyanine derivatives used in Ihe invention may be produced, for example, according to the methods 
20 described or referred to in, Phthalocyanines - Chemistry and Function, by Shirai & Kobayashi (pp. 1-62, IPC)., and 
Phthalocyanines - Properties and Applications, by C. C. Lenznoff & A. B. P. Lever (pp. 1-54, VCH), or according to 
methods similar to those methods. 

[01 34] The phthalocyanine compounds of formula (C-l) used in the invention may be produced, for example, through 
sulfonation, sulfonylchloridation or amidation of unsubstituted phthalocyanine compounds, as in WO 00/17275, 

25 00/08103, 00/08101 , 98/41853, and JP-A 10-36471 . In this case, sulfonation occurs at any position of the phthalocy- 
anine nucleus and the number of the positions for sulfonation is difficult to control. Accordingly, in the case where the 
sulfo group is introduced under the reaction condition of the process, the position and the number of the sulfo groups 
introduced could not be identified, and the process inevitably gives a mixture of analogues that differ in the position 
and the number of the substituents. Therefore, in the case where the compounds used in the invention are produced 

30 from the products produced according to the process, the number and the position of the heterocyclic substituted 
sulfamoyl groups introduced in the compound cannot be identified, and the compound thus produced for use in the 
invention shall be in the form of a mixture of some a.p-substituted types that differ in the number and the position of 
the substituents therein. 

[0135] For example, when a large number of electron-attracting groups such as sulfamoyl groups are introduced 
35 into the phthalocyanine nucleus, the oxidation potential of the resulting dye is nobler and the ozone resistance thereof 
therefore increases, as mentioned hereinabove. However, according to the production process mentioned above, it is 
inevitable that the products contain phthalocyanine dyes which have fewer electron-attracting groups introduced therein 
and of which the oxidation potential is baser. Accordingly, for improving the ozone resistance of the dyes, it is desirable 
to employ a production process in which the production of the compounds having a baser oxidation potential is retarded. 
40 [0136] On the other hand, the phthalocyanine compounds of formula (C-II) used in the invention may be derived 
from tetrasulfophthalocyanine compounds that are obtained, for example, through reaction of a phthalonitrile derivative 
(compound P) and/or a diiminoisoindoline derivative (compound Q) with a metal derivative of formula (C-lll) mentioned 
below, or through reaction of a 4-sulfophthalic acid derivative (compound R) with the metal derivative of formula (C-lll). 

45 

Compound P Compound Q Compound R 



50 



55 




[0137] In the above formulae, Xp corresponds to X 11( X 12 , X 13 or X 14 in formula (C-II); Yq and Yq* correspond to any 
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of Y ii. Y 12» Y 13. Y 14« Y 15- Y 16. Y 17 or Y 18 in formula (C-ll). 



M-(Y)d (c-ill) 

5 

[0138] In general formula (C-lll), M is the same as that in formula (C-ll); Y represents a monovalent or divalent ligand 
such as a halogen atom, a acetate anion, an acetylacetonate group or an oxygen atom; and d indicates an integer of 
from 1 to 4. 

[01 39] According to the production process mentioned above, therefore, it is possible to introduce a desired number 
10 of desired substituents into the dyes. In particular, when a large number of electron-attracting groups are desired to 
be introduced into the dyes so that the oxidation potential of the dyes may be noble as in the invention, the above- 
mentioned production process is far superior to the production process of producing the compounds of formula (C-l). 
[01 40] The phthalocyanine compounds of formula (C-ll) thus obtained are generally in the form of a mixture of com- 
pounds of formulae (a)-1 to (a) -4 mentioned below which are isomers in point of the substitution position of Xp therein, 
15 or that is, in the form of the ^-substituted type. 
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(a)-4 

40 [0141] When Xp's in the starting compounds in the above-mentioned process are all the same, then p-substituted 
type phthalocyanine dyes are obtained in which X 11f X 12 , X 13 and X 14 are all the same substituents. On the other hand, 
when starting compounds that differ in point of Xp are combined and used in the process, dyes in which the substituents 
are of the same type but partially differ or dyes having different substituents can be obtained. Of the dyes of formula 
(C-ll), those having different electron -attracting groups are especially preferred as their solubility, associability, and the 
storage stability of ink containing the dye can be controlled. 

[0142] We, the. present inventors, have found that the oxidation potential nobler than 1 .0 V (vs SCE) of the dyes of 
any substitution type is extremely important for improving the fastness of the dyes, and the level of the effect could not 
be anticipated at all from the above-mentioned related art technique. Though the detailed reason is not clear, the dyes 
of the p-substituted type tend to be superior to the dyes of a,p-substituted type in point of the hue, the light fastness 

so and the ozone gas resistance thereof. 

[0143] The phthalocyanine dyes of formulae (C-l) and (C-ll) can be produced according to the above-mentioned 
patent publications, or they may also be produced according to the methods described in Japanese Patent Application 
Nos. 2001-226275, 2001-96610, 2001-47013 and 2001-193638. However, the starting materials, the intermediates 
and the production routes for the dyes are not limited to these. 

55 [0144] The magenta dye and the cyan dye used in the invention are characterized in that their oxidation potential is 
nobler than 0.8 V. Phthalocyanines that are widely used for cyan dye generally form associates, and therefore, even 
when their oxidation potential is low in some degree, it can compensate for their fastness. However, since magenta 
dyes do not form associates, it is desirable that the oxidation potential of magenta dyes is set further nobler as compared 
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with that of cyan dyes for ensuring high fastness of the dyes. 

[0145] Preferred examples of the dyes used in the invention are mentioned below, but these are to describe in detail 
the invention and are not intended to restrict the scope of the invention. The parenthesized numeral after each dye is 
the oxidation potential of the dye. 

[0146] First described are specific examples [Y-1 to Y-35] of the yellow dye used in the invention. 
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[0147] Next described are specific examples [M-1 to M-26] of the magenta dye used in the invention. 
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No. 


R 1 


R 3 

— I\K 

^R 4 t \ 


m : n 


Oxidation 
Potential (V) 


C-49 


-(CH 2 )3S0 3 K 


-NH(CH 2 ) 2 S0 3 K (065) 


3 : 1 


1.29 


C-50 


-(CH 2 ) 3 S0 3 K 


-NH(CH 2 ) 2 S0 3 K 


2 : 2 


1.28 



[0149] In addition to the above, other examples of the compounds also usable In the invention are described in 
Japanese Patent Application Nos. 2001-96610,2001-24352, 2001-47013, 2001-57063, 2001-76689 2001-193638 
2001 -15614, 2001-110457, and 2001-110335, to which, however, the invention is not limited. The compounds men- 
tioned hereinabove may be readily produced according to the methods described in the patent publications referred 
to herein. 

(Ink composition for rnkjet recording) 

[0150] The Inkjet recording ink set used in the invention comprises, as minimum constituent elements thereof, a 
yellow ink that contains at least one yellow dye, a magenta ink that contains at least one magenta dye and a cyan ink 
that contains at least one cyan dye. For the dye in each ink, employable is any of the above-mentioned various dyes 
In general, the ink may be prepared by dissolving and/or dispersing the dye in an oleophilic medium or aqueous medium. 
Preferably, an aqueous medium is used for it. 

[01 51 ] If desired, any other additive may be added to the ink set, not detracting from the effect of the invention. The 
additive may be any known one, including, for example, drying inhibitor (moisturizer), fading inhibitor, emulsion stabi- 
lizer, penetration promoter, UV absorbent, preservative, antifungal agent, pH-controlling agent, surface tension-con- 
trolling agent, defoaming agent, viscosity-controlling agent, dispersant, dispersion stabilizer, rust inhibitor chelating 
agent, etc. These additives may be directly added to aqueous inks. On the other hand, when oily dyes are used in the 
form of their dispersion, the additives are generally added to the dye dispersions. As the case may be, however, the 
additives may be added to the oily phase or the aqueous phase while the dye dispersions are prepared. 
[01 52] The drying inhibitor is favorably used for preventing the Inkjet ink from drying at the Inkjet nozzle orifice used 
for inkjet recording and for preventing the nozzle from being clogged. 

[01 53] For the drying inhibitor, preferred is a water-soluble organic solvent having a lower vapor pressure than water. 
Its concrete examples are polyalcohols such as typically ethylene glycol, propylene glycol, diethylene glycol, polyeth- 
ylene glycol, thiodiglycol, dithiodiglycol, 2-methyl-1 ,3-propanedioi, 1 ,2,6-hexanetriol, acetylene glycol derivatives glyc- 
enn, tnmethylolpropane; polyalcohol lower alkyl ethers such as ethylene glycol monomethyl (or ethyl) ether, diethylene 
glycol monomethyl (or ethyl) ether, triethylene glycol monoethyl (or butyl) ether; heterocyclic compounds such as 2-pyr- 
rolidone, N-methyl-2-pyrrolidone : 1 ,3-dimethyl-2-imidazolidine, N-ethyimorpholine; sulfur-containing compounds such 
as sulforane, dimethyl sulfoxide, 3-sulforene; polyfunctional compounds such as diacetone alcohol, diethanolamine- 
and urea derivatives. Of those, more preferred are polyalcohols such as glycerin and diethylene glycol. One or more 
of these drying inhibitors may be used either singly or as combined. Preferably, the drying inhibitor content of the ink 
is from 1 0 to 50 % by weight. 

[01 54] The penetration promoter is favorably used for promoting the penetration of the inkjet ink into paper. For the 
penetration promoter, for example, herein usable are alcohols such as ethanol, isopropanol, butanol, di(tri) ethylene 
glycol monobutyl ether, 1 ,2-hexanedioi; sodium laurylsulfate, sodium oleate and nonionic surfactants. In general, the 
penetration promoter is effective enough when its amount in the ink is from 5 to 30 % by weight. However, its amount 
is preferably so controlled that the ink does not cause bleeding and print-through. 

[01 55] The U V absorbent is for improving the image stability. For the UV absorbent, herein usable are benzotriazole 
compounds as in JP-A 58-185677, 61-190537, 2-782, 5-197075, 9-34057; benzophenone compounds as in JP-A 
46-2784, 5-194483, and USP 3,214,463; cinnamate compounds as in JP-B 48-30492, 56-21141 , and JP-A 10-881 06- 
triazinc compounds as in JP-A 4-298503, 8-53427, 8-239368, 1 0-1 82621 , and JP-T 8-501291 (the term "JP-T" as used 
herein means a published Japanese translation of a PCT patent application); compounds as in Research Disclosure 
No. 24239; and other compounds capable of absorbing UV rays to emit fluorescence, or that is, fluorescent brighteners 
such as typically stilbene compounds and benzoxazole compounds. 

[0156] The fading inhibitor is for improving the image stability. For it, herein usable are various organic or metal 
complex-type fading inhibitors. The organic fading inhibitors include hydroquinones, alkoxyphenols, dialkoxyphenols, 
phenols, anilines, amines, indanes, chromans, alkoxyanilines, and heterocyclic compounds; and the metal complexes 
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include nickel complexes and 7inc complexes. More concretely, herein usable are the compounds described in the 
patent publications that are referred to in Research Disclosure No. 1 7643, Items Vll-I to J, No. 151 62, No. 18716, page 
650, left column, No. 36544, page 527, No. 307105, page 872, and No. 15162, as well as the compounds that falls 
within the range of the general formula to indicate the typical compounds and the examples of the compounds described 
5 in pp. 127-137 of JP-A 62-215272. 

[01 57] The antifungal agent includes sodium dehydroacetate, sodium benzoate, sodium pyridinethione-1 -oxide, ethyl 
p-hydroxybenzoate, 1 ,2-benzisothiazolin-3-one and its salts. Preferably, its amount in the ink is from 0.02 to 1 .00 % 
by weight. 

[01 58] For the pH-controlling agent, usable are neutralizing agents (organic bases, inorganic alkalis). The pH-con- 
10 trolling agent is for improving the storage stability of the Inkjet ink, and this is added to the inkjet ink so that the Ink may 
have a pH of preferably from 6 to 10, more preferably from 7 to 10. 

[01 59] For the surface tension-controlling agent, usable are nonionlc, cationic or anionic surfactants. Preferably, the 
surface tension of the inkjet ink used in the invention is from 25 and 70 mPa-s : more preferably from 25 to 60 mN/m. 
Also preferably, the viscosity of the inkjet ink used in the invention is at most 30 mPa-s. More preferably, it is controlled 

15 to be at most 20 mPa-s. Preferred examples of the surfactants are anionic surfactants such as salts of fatty acids, salts 
of alkylsulfates, salts of alkylbenenesulfonates, salts of alkylnaphthalenesulfonates, salts of dialkylsulfosuccinates, 
salts of alkylphosphates, naphthalenesulfonic acid-formalin condensates, salts of polyoxyethylene-alkylsulfates; and 
nonionlc surfactants such as polyoxyethylene alkyl ethers, polyoxyethylene alkylaryl ethers, polyoxyethylene fatty acid 
esters, sorbilan fatly acid esters, polyoxyethylene sorbilan fatly acid esters, polyoxyethylene alkylamines, glycerin fatly 

20 acid esters, oxyethylene-oxy propylene block copolymers. Also preferred are SURFYNOLS (Air Products & Chemicals), 
acetylene-type polyoxyethylene oxide surfactants. Still preferred are amine-oxide type ampholytic surfactants such as 
N.N-dimethyl-N-alkylamine oxides. Also usable are the surfactants described in JP-A 59-157636, pp. 37-38, and Re- 
search Disclosure No. 308119 (1989). 

[01 60] For the dofoaming agent, optionally used heroin is any of fluorine-containing compounds, silicone compounds 

25 and chelating agents such as typically EDTA. 

[0161] In the case where the dye used in the invention is soluble in oil, it may be dispersed in an aqueous medium, 
preferably as follows: colorant particles that contain the dye and an oil-soluble polymer are dispersed in an aqueous 
medium, as in JP^A 11-286637, 2001-240763, 2001-262039, 2001-247788; or the dye of the present invention is dis- 
solved in a high-boiling-point organic solvent and then dispersed in an aqueous medium, as in JP-A 2001-262018, 

30 2001 -240763, 2001 -335734 or in Japanese Patent Application No. 2000-203857. Regarding the concrete method ! and 
the oil-soluble polymer, the high-boiling-point organic solvent, the additive and their amounts to be used in the process 
of dispersing the dye of the present invention in an aqueous medium, referred to are those described in the above- 
mentioned patent publications. If desired, the dye may be directly dispersed in solid particles. In this stage, a dispersant 
or a surfactant may be used. The dispersing apparatus may be any of simple stirrers, impeller-assisted stirrers, in-line 
!, 35 stirrers, mills (e.g., colloid mills, ball mills, sand mills, attritors, roll mills, agitator mills), ultrasonic stirrers, and high- 

pressure emulsifying dispersers (high-pressure homogenizers, such as commercially-available Gaulin homogenizer, 
microfluidizer, DeBEE2000). The method of preparing the inkjet recording ink is described in detail also in JP-A 
5-148436, 5-295312, 7-97541, 7-82515, 7-118584, 11-286637 and Japanese Patent Application No, 2000-87539, in 
addition to the above-mentioned patent publications, and the descriptions in these may apply to the preparation of 

40 inkjet recording ink in the invention. 

[0162] The aqueous medium comprises water as the essential ingredient, and it may be a mixture that contains a 
water-miscible organic solvent. Examples of the water-miscible organic solvent are alcohols (e.g., methanol, ethanol, 
propanol, isopropanol, butanol, isobutanol, sec-butanol, t-butanol, pentanol, hexanol, cyclohexanol, benzyl alcohol), 
polyalcohols (e.g., ethylene glycol, diethylene glycol, methylene glycol, polyethylene glycol, propylene glycol, dipro- 

45 pylene glycol, polypropylene glycol, butylene glycol, hexanediol, pentanediol, glycerin, hexanetriol, thiodiglycol), glycol 
derivatives (e.g., ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, 
dielhylene glycol monomethyl ether, diethylene glycol monobutyl elher, propylene glycol monomethyl ether, propylene 
glycol monobutyl ether, dipropylene glycol monomethyl ether, methylene glycol monomethyl ether, ethylene glycol 
diacetate, ethylene glycol monomethyl ether acetate, Methylene glycol monomethyl ether, triethylene glycol monoethyl 

50 ether, ethylene glycol monophenyl ether), amines (e.g., ethanolamine, diethanotamine, triethanolamine, N-methyldi- 
ethanolamine, N-ethyldiethanolamine, morpholine, N-ethylmorpholine, ethylenediamine, diethylenetriamine, trlethyl- 
cnctctraminc, polycthyleniminc, tctramethylpropylcncdiaminc), and other polar solvents (e.g., formamido, N,N-dimeth- 
ylformamide, N,N-dimethylacetamide, dimethylsulfoxide, sulforane, 2-pyrrolidone, N-methyl-2-pyrrolidone, N-vinyl- 
2-pyrrolidone, 2-oxazolidone, 1,3-dimethyl-2-imidazolidinone, acetonitrile, acetone). Two or more of the above-men- 

55 tioned water-miscible organic solvents may be used as combined. 

[01 63] Preferably, the dye content of the ink for the ink set used in the invention is from 0. 1 to 20 parts by weight per 
100 parts by weight of the ink. In each ink of yellow, magenta and cyan, two or more different types of dyes may be 
combined so far as the oxidation potential of the combination is nobler than 0.8 V. In the case where two or more 
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different types of dyes are combined, it is desirable that the amount of all the dyes combined falls within the defined 
range as above. 

[0164J In the recent imaging technology, two or more inks that have different dye concentrations are combined for 
each of yellow, magenta and cyan inks to obtain high-quality images. In the invention, it is desirable that all the dyes 
5 in such thick and thin inks have an oxidation potential nobler than 0.8 V. J 
[0165] In the case where two or different types of inks are used for the same color in the invention, it is desirable 
that the ink concentration of one ink is from 0.05 to 0.5 times that of the other ink. 

[0166] The ink set in the invention is for forming full-color images. For further toning the images, black ink may be 
additionally used in the ink set. The black colorant usable in it includes disazo dyes, trisazo dyes tetrazo dves and 
io carbon black dispersion. ' 

<lnkjet recording sheet> 



15 



20 
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[0167] The Inkjet recording sheet used in the invention has at least a colorant-receiving layer on a support and the 
colorant-receiving layer contains at least one inorganic mordant. 

[01 68] The inorganic mordant includes polyvalent water-soluble metal salt and hydrophobic metal salt compounds 
[0169] Examples of the inorganic mordant are salts and complexes with a metal selected from magnesium alumin- 
ium, calcium, scandium, titanium, vanadium, manganese, Iron, nickel, copper, zinc, gallium, germanium, strontium, 
yttrium, zirconium, molybdenum, indium, barium, lanthanum, cerium, praseodymium, neodymium, samarium euro- 
pium, gadolinium, dysprosium, erbium, ytterbium, hafnium, tungsten and bismuth. 

[01 70] Concretely, for example, they are calcium acetate, calcium chloride, calcium formate, calcium sulfate, barium 
acetate, barium sulfate, barium phosphate, manganese chloride, manganese acetate, manganese formate dihydrate 
manganese ammonium sulfate hexahydrate, cupric chloride, copper(ll)ammonium chloride dihydrate, copper sulfate' 
cobalt chloride, cobalt thiocyanatc, cobalt sulfate, nickel sulfate hexahydrate, nickel chloride hexahydrate, nickel ace- 
tate tetrahydrate, nickel ammonium sulfate hexahydrate, nickel amidosulfate tetrahydrate, aluminium sulfate, alumin- 
ium alum, aluminium chloro hydrate, aluminium sulfite, aluminium thiosulfate, aluminium sesquichloro hydrate, alumin- 
ium nitrate 9-hydrate, aluminium chloride hexahydrate, basic aluminium lactate, ferrous bromide, ferrous chloride ferric 
chloride., ferrous sulfate, ferric sulfate, zinc phenolsulfonate, zinc bromide, zinc chloride, zinc nitrate hexahydrate zinc 
sulfate, titanium tetrachloride, tetraisopropyl tltanate, titanium acetylacetonate, titanium lactate, zirconium acetylacet- 
onate, zirconyl acetate, zirconyl sulfate, ammonium zirconium carbonate, zirconyl lactate, zirconyl succinate zirconyl 
oxalate, zirconyl stearate, zirconyl octylate, zirconyl nitrate, ammonium zirconium acetate, potassium zirconium car- 
bonate, sodium zirconium lactate, basic zirconium glycinate, basic aluminium sulfate, basic aluminium nitrate basic 
aluminium sulfamate, basic aluminium formate, basic aluminium acetate, basic aluminium glycinate, zirconium oxy- 
chloride.. zirconium hydrochloride, chromium acetate, chromium sulfate, magnesium sulfate, magnesium chloride 
35 hexahydrfete, magnesium citrate 9-hydrate, sodium phosphotungstate, sodium tungsten citrate, 1 2-tungstophosphoric 
acidn-hydrate,12-tungstosilicfc^^ ga(|jum 
nitrate, germanium nitrate, strontium nitrate, yttrium acetate, yttrium chloride, yttrium nitrate, indium nitrate, lanthanum 
nitrate, lanthanum chloride, lanthanum acetate, lanthanum benzoate, cerium chloride, cerium sulfate, cerium octylate 
praseodymium nitrate, neodymium nitrate, samarium nitrate, europium nitrate, gadolinium nitrate, dysprosium nitrate' 
40 erbium nitrate, ytterbium nitrate, hafnium chloride, bismuth nitrate, etc. 

[0171] For the inorganic mordant used in the invention, preferred are aluminium-containing compounds, titanium- 
containing compounds, zirconium-containing compounds, and metal compounds (salts or complexes) of the Group 
1MB series of the Periodic Table of Elements. 

[0172] Especially preferred are aluminium-containing compounds and zirconium-containing compounds. 
[01 73] More preferred are water-soluble aluminium compounds (e.g., aluminium sulfate, aluminium alum, aluminium 
chloro hydrate, aluminium sulfite, aluminium thiosulfate, aluminium sesquichloro hydrate, aluminium nitrate 9-hydrate 
aluminium chloride hexahydrate), and water-soluble zirconium compounds (e.g., zirconyl acetate, zirconyl sulfate zir- 
conium ammonium carbonate, zirconyl nitrate, zirconium oxychloride, zirconium hydroxychloride). Even more preferred 
is aluminium chloro hydrate. 

[01 74] One or more of these inorganic mordants may be used either singly or as combined. When used as combined, 
it is preferred to include at least an aluminium^ontaining compound or a zirconium-containing compound, it is more 
preferred to use an aluminium-containing compound and a zirconium-containing compound as combined. 
[01 75] The amount of the mordant to be in the ink-receiving layer in the invention is preferably from 0 01 g/m 2 to 5 
g/m 2 more preferably from 0.1 g/m 2 to 3 g/m 2 . 

[0176] Preferably, the inkjet recording sheet used in the invention contains a water-soluble resin. 
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(Water-soluble resin) 

[0177] The water-soluble resin includes, for example, polyvinyl alcohol resins in which the hydroxyl groups are hy- 
drophilic structural units [e.g., polyvinyl alcohol (PVA), acetoacetyl-modified polyvinyl alcohol, cation-modified polyvinyl 

5 alcohol, anion-modified polyvinyl alcohol, silanol-modified polyvinyl alcohol, polyvinyl acetall, cellulose resins [methyl 
cellulose (MC), ethyl cellulose (EC), hydroxyethyl cellulose (HEC), carboxymethyl cellulose (CMC), hydroxypropyl cel- 
lulose (HPC), hydroxyethylmethyl cellulose, hydroxypropylmethyl cellulose], chitins, chitosans, starches, ether bond- 
having resins [polyethylene oxide (PEO), polypropylene oxide (PPO), polyethylene glycol (PEG), polyvinyl ether (PVE)], 
and carbamoyl group-having resins [polyacrylamide (PAAM), polyvinylpyrrolidone (PVP), polyacrylic hydrazide]. 

10 [01 78] It further includes polyacrylic acid salts in which the carboxyl group is a dissociable group, maleic acid resins, 
alginic acid salts, and gelatins. 

[0179] Of the above, especially preferred are polyvinyl alcohol resins. Examples of polyvinyl alcohol usable herein 
are described in JP-B 4-52786, 5-67432, 7-29479; Japanese Patent No. 2,537,827; JP-B 7-57553; Japanese Patent 
Nos. 2,502,998, 3, 053, 231 ; JP-A 63-1761 73; Japanese Patent No. 2,604,367; JP-A 7-276787, 9-207425, 11-58941 , 
15 2000-135858, 2001-205924, 2001-287444, 62-278080, 9-39373; Japanese Patent No. 2,750,433; and JP-A 
2000-158801,2001-213045,2001-328345, 8-324105,11-348417,58-181687,10-259213,2001-72711,2002-103805, 
2000-63427, 2002-308928, 2001-205919, and 2002-264489. 

[0180] Examples of other water-soluble resins than polyvinyl alcohol resins that are also usable herein are the com- 
pounds described in JP-A 2001-205919, 2002-264489, and paragraphs [0011] Lo [0014] of JP-A 11-1 65461 . 
20 [0181] One or more of these water-soluble resins may be used herein either singly or as combined. 

[0182] The water-soluble resin content of the colorant-receiving layer in the invention is preferably from 9 to 40 % 
by weight, more preferably from 12 to 33 % by weight of the total solid content of the layer. 

(Particles) 

25 

[0183] Preferably, the colorant-receiving layer of the inkjet recording sheet used in the invention contains particles. 
More preferably, the particles are combined with the above-mentioned water-soluble resin in the layer. 
[01 84] Containing particles, the colorant-receiving layer may have a porous structure, and its ink absorbability thereby 
increases. In particular, when the solid content of the particles in the colorant-receiving layer is at least 50 % by weight, 
30 more preferably at least 60 % by weight, then the layer may have a better porous structure and the inkjet recording 
sheet may have good ink absorbability. The solid content of the particles in the colorant-receiving layer is obtained 
through calculation on the basis of the components except water that constitute the composition of the colorant-receiv- 
ing layer, 

[0185] The particles in the invention may be any of organic particles and inorganic particles. In view of the ink ab- 

35 sorbability and the image stability thereof, the sheet preferably contains inorganic particles. 

[0186] The organic particles are preferably polymer particles that are obtained, for example, through emulsion po- 
lymerization, microemulsion polymerization, soap-free polymerization, seed polymerization, dispersion polymerization 
or suspension polymerization. They are powdery, latex or emulsion polymer particles of, for example, polyethylene, 
polypropylene, polystyrene, polyacrylate, polyamide, silicone resin, phenolic resin or natural polymers. 

40 [0187] The inorganic particles are, for example, silica particles, colloidal silica, titanium dioxide, barium sulfate, cal- 
cium silicate, zeolite, kaolinite, halloysite, mica, talc, calcium carbonate, magnesium carbonate, calcium sulfate, pseu- 
do-boehmite, zinc oxide, zinc hydroxide, alumina, aluminium silicate, calcium silicate, magnesium silicate, zirconium 
oxide, zirconium hydroxide, cerium oxide, lanthanum oxide and yttrium oxide. Of those, preferred are silica particles, 
colloidal silica, alumina particles and pseudo-boehmite, as they form better porous structures. When used herein, the 
particles may be primary particles directly as they are, or they may form secondary particles. Preferably, the particles 
have an average primary particle diameter of at most 2 jim, more preferably at most 200 nm. 
[0188] More preferred for use in the invention are silica particles having an average primary particle diameter of at 
most 30 nm, colloidal silica having an average primary particle diameter of at most 30 nm, alumina particles having an 
average primary particle diameter of at most 20 nm, or pseudo-boehmite having a mean pore radius of from 2 to 15 

50 nm; and even more preferred are such silica particles, alumina particles or pseudo-boehmite. 

[0189] Generally depending on their production method, silica particles are grouped into two types, wet-process 
particles and dry-process (fumed) particles. In the wot process, active silica is formed through acidolysis of silicates, 
and this is polymerized to a suitable degree and flocculated to obtain hydrous silica. This is the mainstream of the 
process. On the other hand, a vapor-phase process includes two types; one comprises high-temperature vapor-phase 

55 hydrolysis of silicon halide to obtain anhydrous silica (flame hydrolysis), and the other comprises thermal reduction 
vaporization of silica sand and coke in an electric furnace followed by oxidizing it in air to also obtain anhydrous silica 
(arc process). These two are the main stream of the vapor-phase process. The "fumed silica" means to indicate an- 
hydrous silica particles obtained in the vapor-phase process. For the silica particles used in the invention, especially 
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preferred are the fumed silica particles. 

[0190] The fumed silica differs from hydrous silica in point of the density of the surface silanol group and of the 
presence or absence of pores therein, and the two different types of silica have different properties. The fumed silica 
is suitable for forming a three-dimensional structure of high porosity. Though not clear, the reason may be because 
the silanol group density in the surfaces of the particles of hydrous silica is high, concretely from 5 to 8/nm2, and the 
silica particles may readily densely aggregate, while, on the other hand, the silanol group density in the surfaces of 
the fumed silica particles is low, concretely from 2 to 3/nm2 and the particles sparsely flocculate, therefore forming a 
structure of high porosity. 

[0191] Since the fumed silica has an especially large specific surface area, its ink absorption and retention is high. 
In addition, since its refractive index is large., the colorant-receiving layer that contains it can be kept transparent so 
far as the silica particles are dispersed to fall within a suitable particle size range, and the layer may form good color 
images of high color density. The transparency of the colorant-receiving layer is a matter of importance not only for 
OHP sheets that require transparency but also for other recording sheets such as photographic glossy paper, for 
forming good color images of high color density and glossiness. 

[0192] Preferably, the fumed silica has an average primary particle diameter of at most 30 nm, more preferably at 
most 20 nm, even more preferably at most 1 0 nm, most preferably from 3 to 1 0 nm. The fumed silica particles readily 
aggregate through hydrogen bonding at the silanol groups therein. Therefore, when their mean primary particle size 
is not larger than 30 nm, the silica particles may form a structure of high porosity, and effectively increase the ink 
absorbability of the layer containing them. 

[0193] If desired, the silica particles may be combined with any other particles mentioned above. In the case where 
the fumed silica is combined with any other particles, the ratio of the fumed silica is preferably at least 30 % by weight, 
more preferably at least 50 % by weight of all the particles to be in the layer. 

[0194] For the inorganic particles used in the invention, also preferred are alumina particles, alumina hydrate and 
their mixtures or composites. Of those, alumina hydrate is preferred as it well absorbs and fixes ink, and pseudo- 
boehmite (AI 2 0 3 .nH 2 0) is more preferred. The alumina hydrate of any morphology may be used herein, but boehmite 
sol is more preferred as it readily forms a smooth layer. 

[0195] Regarding the microstructure of pseudo-boehmite for use herein, the mean pore radius thereof is preferably 
from 1 to 30 nm, more preferably from 2 to 15 nm. Also preferably, the pore volume thereof is from 0.3 to 2.0 cc/g 
more preferably from 0.5 to 1 .5 cc/g. The pore radius and the pore volume are measured through nitrogen adsorption/ 
desorption, using, for example, a gas adsorption/desorption analyzer (e.g., Coulter's trade name. OMNISORP 369). 
[0196] In particular, fumed alumina particles are especially preferred for use herein as their specific surface area is 
large. Also preferably, the fumed alumina particles have an average primary particle diameter of at most 30 nm more 
preferably at most 20 nm. 

[0197] In the case where the particles mentioned above are used in the inkjet recording sheet in the invention, for 
example, the embodiments disclosed in JP-A 10-81 064, 10-119423, 10-157277,10-217601 11-348409 2001-138621 
2000-43401, 2000-211235, 2000-309157, 2001-96897, 2001-138627, 11-91242, 8-2087, 8-2090 8-2091 8-2093' 
8-174992, 11 -192777 and 2001 -301 31 4 are preferably employed. 

[0198] The above-mentioned water-soluble resin that is the essential ingredient of the colorant-receiving layer in the 
invention may be the same as the material of the particles to be in the layer, or alternatively, a mixed system of different 
materials may be used in forming the layer. 

[0199] For making the colorant-receiving layer transparent, the type of the water-soluble resin to be combined with 
the particles, especially the silica particles in the layer is a matter of importance. In the case where the above-mentioned, 
fumed silica is used for the particles, the water-soluble resin to form the layer is preferably polyvinyl alcohol resin, more 
preferably polyvinyl alcohol resin having a degree of saponification of from 70 to 1 00 %, even more preferably from 80 
to 99.5%. 

[0200] The above-mentioned polyvinyl alcohol resin has a hydroxyl group in its structural units, and the hydroxyl . 
group therein forms a hydrogen bond with the silanol group in the surfaces of the silica particles, therefore facilitating 
the formation of a three-dimensional network structure of the chain units of secondary silica particles. It is believed 
that the three-dimensional network structure thus formed will make the colorant-receiving layer have a porous structure 
of high porosity. 

[0201] During inkjet recording, the porous colorant-receiving layer thus formed in the manner as above rapidly ab- 
sorbs ink through the capillaries therein, and forms ink dots of good circularity with no blooding. 
[0202] The polyvinyl alcohol resin may be combined with any other water-soluble resin. In the case where the poly- 
vinyl alcohol resin is combined with some additional water-soluble resin, the polyvinyl alcohol resin content is preferably 
at least 50 % by weight, more preferably at least 70 % by weight of all the combined water-soluble resin. 
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(Content ratio of particles to water-soluble resin) 

[0203] The content ratio by weight of the particles (x) to the water-soluble resin (y), PB ratio x/y, has some significant 
influence on the film structure and the film strength of the colorant-receiving layer. Concretely, if the content ratio by 
5 weight, PB ratio, is large, the porosity, the pore volume and the surface area (per the unit weight) of the layer are all 
high but the density and the strength thereof tend to decrease. 

[0204] In the colorant-receiving layer in the invention, the content ratio by weight, PB ratio x/y, is preferably from 
1 .5/1 to 10/1 for the following reasons: if the PB ratio is too large, the film strength of the layer is low and the layer 
readily cracks in dry; but if too small, the resin will fill up the pores in the layer to lower the layer porosity, and the ink 
10 absorbability of the layer will be thereby lowered. To evade the problems, the PB ratio is preferably within the range 
as above. 

[0205] While running through the conveyor system in an inkjet printer, the recording sheet may receive stress, and 
therefore the strength of its colorant-receiving layer must be high. In addition, when the sheet is cut, its colorant- 
receiving layer should not crack or peel, and therefore the strength of the layer must be high. Taking these into con- 
15 sideration, the ratio by weight, x/y, is preferably at most 5/1 . In order that the layer has the ability to rapidly absorb ink 
in inkjet printers, the ratio is more preferably at least 2/1 . 

[0206] For example, when a coating liquid prepared by completely dispersing the fumed silica particles having an 
average primary particle diameter of at most 20 nm and the water-soluble resin In an aqueous solution in a ratio, x/y, 
by weight of from 2/1 to 5/1 is applied onto a support and dried thereon, then a three-dimensional network structure 
20 of the chain units of secondary silica particles is formed and a transparent porous film having a mean pore size of at 
most 30 nm, a porosity of from 50 % to 80 %, a relative pore volume of at least 0.5 ml/g and a specific surface area of 
at least 1 00 m 2 /g is readily formed. 

(Crosslinking agent) 

25 

[0207] The colorant-receiving layer in the inkjet recording sheet in the invention is a coating layer that contain the 
above-mentioned water-soluble resin, and it is desirable that the layer further contains a crosslinking agent capable 
of crosslinking the water-soluble resin therein. More preferably, the layer contains both the above-mentioned particles 
and the above-mentioned water-soluble resin, and it is cured through crosslinking of the water-soluble resin with the 

30 crosslinking agent therein to form a porous layer. 

[0208] A boron compound is favorable for crosslinking the water-soluble resin, especially polyvinyl alcohol in the 
layer: The boron compound includes, for example, borax, boric acids, borates (e.g., orthoborates, lnB0 3 , ScB0 3 , YB0 3 , 
LaB0 3 , Mg 3 (B0 3 ) 2 , Co 3 (B0 3 ) 2 ), diborates (e.g., Mg^Og, Co 2 B 2 0 5 ), metaborates (e.g., LiB0 2 , Ca(B0 2 ) 2 , NaB0 2 , 
KB0 2 ), tetraborates (e.g., Na 2 B 4 O r 10H 2 O), pentaborates (e.g., KB 5 0 8 4H 2 0, Ca^On^O, CsB 5 0 5 ). Above all, 

35 borax, boric acids and borates are preferred as they rapidly start crosslinking reaction, and boric acids are more pre- 
ferred. 

[0209] The following compounds except boron compounds may also be used as the crosslinking agent for the water- 
soiuble resin. 

[0210] For example, they are aldehyde compounds such as formaldehyde, glyoxal, glutaraldehyde; ketone com- 
40 pounds such as diacetyl, cyclopentanedione; active halogen compounds such as bis(2-chloroethyiurea)-2-hydroxy- 
4,6-dichloro-1 ,3,5-triazine, 2,4-dichloro-6-S-triazine sodium salt; active vinyl compounds such as divinylsulfonic acid, 
1 ,3-vinylsulfonyl-2-propanol, N.N'-ethylenebisfvinylsulfonylacetamide), 1 ,3,5-triacryloyl-hexahydro-S-triazine; N- 
methylol compounds such as dimethylolurea, methyloldimethylhydantoin; melamine resins such as methylolmelamine, 
alkylated methylolmelamine; epoxy resins; isocyanate compounds such as 1,6-hexamethylene diisocyanate; aziridine 
45 compounds described in USP 3,017,280, 2,983,611; carboximide compounds described in USP 3,100,704; epoxy 
compounds such as glycerol triglycidyl ether; ethylenimino compounds such as 1 ,6-hexamethylene-N,N'-blsethyleneu- 
rea; halogen ocarboxyaldehyde compounds such as mucochloric acid, mucophenoxychloric acid; dioxane compounds 
such as 2,3-dihydroxydioxane; metal-containing compounds such as titanium lactate, aluminium sulfate, chromium 
alum, potassium alum, zirconyl acetate, chromium acetate; polyamine compounds such as tetraethylpentamine; hy- 
so drazide compounds such as adipic dihydrazide; and low-molecular or polymer compounds having at least two oxazoline 
groups. 

[021 1 ] One or more of the above-mentioned crosslinking agents may be used herein cither singly or as combined. 
[0212] Preferably, the colorant-receiving layer is crosslinked and cured in the manner as follows: a basic solution 
having pH of at least 7.1 (hereinafter referred to as "coating liquid B n ) is applied onto the coating layer, with a crosslinking 
55 agent being added to the coating liquid that contains particles and a water-soluble resin (hereinafter referred to as 
"coating liquid A") and/or to the basic solution, either (1) at the same time that the coating liquid A is applied onto the 
support to form the coating layer or (2) in the course of drying the coating layer formed by applying the coating liquid 
A onto the support before the coating layer exhibits a falling rate of drying. The pH of the basic solution is preferably 
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at least 7.5 and more preferably at least 8. 

[0213] One preferred embodiment of using a boron compound for the crosslinking agent is described. In the case 
where the colorant-receiving layer is formed by crosslinking and curing a coating layer formed of the coating liquid A 
that contains particles and a water-soluble resin such as polyvinyl alcohol, the basic solution, coating liquid B having 

5 pH of at least 7.1 is applied to the coating layer either (1 ) at the same time that the coating liquid A is applied onto the 
support to form the coating layer or (2) in the course of drying the coating layer formed by applying the coating liquid 
A onto the support before the coating layer exhibits a falling rate of drying, and the coating layer is crosslinked and 
cured to be the colorant-receiving layer. The boron compound for the crosslinking agent may be in any of the coating 
liquid A or the coating liquid B, or may be in both the two. The pH of the basic solution is preferably at least 7.5 and 

f0 more preferably at least 8. 

[0214] The amount of the crosslinking agent to be used is preferably from 1 to 50 % by weight, more preferably from 
5 to 40 % by weight of the water-soluble resin in the layer. 

(Mordant) 

15 

[0215] In the colorant-receiving layer in the invention, the inorganic mordant may be combined with an organic mor- 
dant for improving the waterproofness and the bleeding resistance In storage of the images formed therein. 
[0216] The organic mordant Is preferably a cationlc polymer (cationic mordant). The mordant in the colorant-receiving 
layer interacts wilh the colorant, anionic dye in liquid ink and stabilizes the colorant, and therefore improves the wa- 
20 terproofness and the bleeding resistance in storage of the formed images. Different types of the organic mordant and 
the inorganic mordant may be combined for use herein. 

[0217] The mordant may be added to the coating liquid A that contains particles and a water-soluble resin. However, 
in the case where the mordant may react with the particles in the liquid to form aggregates, it may be added to the 
coating liquid B. 

25 [0218] For the cationic mordant, a polymer mordant having, as a cationic group, a primary to tertiary amino group 
or a quaternary ammonium base is preferably used, but a cationic non-polymer mordant may also be used. 
[0219] For the polymer mordant, homopolymers of a monomer having a primary to tertiary amino group or its salt or 
a quaternary ammonium base (mordant monomer), and copolymers or polycondensates of the mordant monomer with 
any other monomer (hereinafter referred to as "non-mordant monomer") are preferred. These polymer mordants may 

30 be used in any form of water-soluble polymers or water-dispersible latex particles. 

[0220] The monomer (mordant monomer) includes, for example, trimethyl-p-vinylbenzylammonium chloride, trime- 
thyl-m-vinylbenzylammonium chloride, triethyl-p-vinylbenzylammonium chloride, triethyl-m-vinyibenzylammonium 
chloride, N.N-dimethyl-N-ethyl-N-p-vinylbenzylammonium chloride, N,N-diethyl-N-methyl-N-p-vinylbenzylammonium 
chloride, N,N-dimethyl-N-n-propyl-N-p-vinylbenzylammonium chloride, N^-dimethyl-N-n-octyl-N-p-vinylbenzylammo- 

35 nium chloride, N.N-dimethyl-N-benzyl-N-p-vinylbenzylammonium chloride, N.N-diethyl-N-benzyl-N-p-vinylbenzylam- 
monium chloride, N,N-dimethyl-N-(4-methyl)benzyl-N-p-vinylbenzylammonium chloride, N,N-dimethyl-N-phenyl-N-p- 
vinylbenzylammonlum chloride, trimethyl-p-vinylbenzylammonium bromide, trimethyl-m-vinylbenzylammonium bro- 
mide, trimethyl-p-vinylbenzylammonium sulfonate, trimethyl-m-vinylbenzylammonium sulfonate, trimethyl-p-vinylben- 
zylammonium acetate, trimethyl-m-vinylbenzylammonium acetate, N,N,N-triethyl-N-2-(4-vinylphenyl)ethylammonium 

40 chloride, N,N,N-triethyl-N-2-(3-vinylphenyl)ethylammonium chloride, N,N-diethyl-N-methyl-N-2-(4-vinylphenyl)ethyl- 
ammonium chloride, N,N-diethyl-N-methyl-N-2-(4-vinylphenyl)ethylammonium acetate; quatemates with methyl chlo- 
ride, ethyl chloride, methyl bromide, ethyl bromide, methyl iodide or ethyl iodide of N,N-dimethylaminoethyl (meth) 
acrylate, N,N-diethylaminoethyl (meth )acry late, N,N-dimethylaminopropyl (meth)acrylate, N.N-diethylaminopropyl 
(meth)acrylate, N,N-dimethylaminoethyl(meth)acrylamlde, N,N-diethylaminoethyl(meth)acrylamide, N,N-dimethylami- 

™ nopropyl(meth)acrylamide, N,N-diethylaminopropyl(meth)acrylamlde; and their anion-substituted sulfonates, alkylsul- 
fonates, acetates and alkylcarboxylates. 

[0221] Concretely, for example, there are mentioned monomelhyldiallylammonium chloride, trimelhyl-2-(melhacry- 
loyloxy)ethylammonium chloride, triethyl-2-(methacryloyloxy)ethylammonium chloride, trimethyl-2-(acryloyloxy)ethyl- 
ammonium chloride, triethyl-2-(acryloyloxy)ethylammonium chloride, trimethyl-3-(methacryloyloxy)propylammonium 

™ chloride, triethyl-3-(methacryloyloxy)propylammonium chloride, trimethyl-2-(methacryloylamino)ethylammonium chlo- 
ride, triethyl-2-(methacryloylamino)ethylammonium chloride, trimethyl-2-(acryloylamino)ethylammonium chloride, tri- 
cthyl-2-(acryloylamino)cthylammonium chloride, trimcthyl-3-(methacryloylamlno)propylammonium chloride, triothyl- 
3-(methacryloylamino)propylammonium chloride, trimethyl-3-(acryloylamino)propylammonium chloride, triethyl- 
3-(acryloylamino)propylammonium chloride, N,N-dimethyl-N-ethyl-2-(methacryloyloxy)ethylammonium chloride, N,N- 

* diethyl-N-methyl-2-(meth^^ 

urn chloride, trimethyl-2-(methacryloyloxy)ethylammonium bromide, trimethyl-3-(acryloylamino)propylammonium bro- 
mide, trimethyl-2-(methacryloyloxy)ethylammonium sulfonate and trimethyl-3-(acryloylamino)propylammonium ace- 
tate. 
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[0222] In addition, N-vinylimida7ole and N-vinyl-2-methylimida7ole are also copolymerizable monomers for use here- 
in. 

[0223] Also usable are allyiamine, diallylamine and their derivatives and salts. Examples of the compounds are al- 
lyiamine, allyiamine hydrochloride, allyiamine acetate, allyiamine sulfate, diallylamine, diallylamine hydrochloride, di- 
5 allyiamine acetate, diallylamine sulfate, diallylmethylamine and its salts (e.g., its hydrochloride, acetate, sulfate), and 
dialiylethylamine and its salts (e.g., its hydrochloride, acetate, sulfate), diallyldimethylammonium salt (its counter anion 
includes chloride, sulfate and acetate ions). These allyiamine and diallylamine derivatives are poorly polymerizable 
when they are in the form of free amines. In general, therefore, their salts are polymerized and the resulting polymers 
are optionally desalted. 

w [0224] Further, units of N-vinylacetamide or N-vinylformamide may also be used, and the polymers formed are hy- 
drolyzed to form vinylamine units, and they may be further converted into their salts for use herein. 
[0225] The non-mordant monomer does not contain a basic or cationic moiety of primary to tertiary amino groups 
and their salts or quaternary ammonium bases, and does not interact with dye in inkjet ink or substantially interacts 
little with it. 

is [0226] The non-mordant monomer includes, for example, alkyl (meth)acrylates; cycloalkyl (meth)acrylates such as 
cyclohexyl (meth)acrylate; aryl (meth)acrylates such as phenyl (meth) aery late; aralkyl esters such as benzyl (meth) 
acrylate; aromatic vinyl compounds such as styrene, vinyltoluene and a-methylstyrene; vinyl esters such as vinyl ac- 
etate, vinyl propionate, vinyl versatate; allyl esters such as allyl acetate; halogen-containing monomers such as vinyll- 
dene chloride, vinyl chloride; vinyl cyanides such as (meth)acrylonilrile; olefins such as ethylene and propylene. 

20 [0227] Of the alkyl (meth)acrylates, those in which the alkyl moiety has from 1 to 1 8 carbon atoms are preferred. 
They include, for example, methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth )acry late, isopropyl (meth) acrylate, 
n-butyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl (meth)acrylate, hexyl (meth)acrylate, octyl (meth) acrylate, 
2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate and stearyl (meth)acrylate. 

[0228] Of those, more preferred are methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl methacrylatc and 
25 hydroxyethyl methacrylate. 

[0229] One or more of the non-mordant monomers may be used singly or as combined. 

[0230] Other preferred examples of the polymer mordant include polydiallyldimethylammonium chloride, copolymers 
of diallyldimethylammonium chloride and other monomer (mordant monomer and non-mordant monomer), diallyld- 
imethylammonium chloride-S0 2 copolymer, cyclic amine resin and derivatives thereof such as typically polydiallylmeth- 

30 ylamine hydrochloride and polydiallyl hydrochloride (including copolymers thereof); secondary amino, tertiary amino 
or quaternary ammonium salt substituted alkyl(meth) acrylate polymers and their copolymers with other monomer such 
asifvtypically polydiethylmethacryloyloxyethylamine, polytrimethylmethacryloyloxyethylammonium chloride, and 
polydimethylbenzylmethacryloyloxyethylammonium chloride; polyamine resin such as typically polyethyienimine and 
its derivatives, polyallylamine and its derivatives, and polyvinylamine and its derivatives; polyamide resin such as typ- 

35 ically polyamide-polyamine resin and polyamidepichlorohydrine resin; polysaccharide such as typically cationated 
starch, chitosan and its derivatives; dicyandiamide derivatives such as typically dicyandiamide-formalin polyconden- 
sate, and dicyandiamide-diethylenetriamine polycondensate; polyamidine and its derivatives; dialkylamine-epichloro- 
hydrin addition polymer products such as typically dimethylamine-epichlorohydrin addition polymer products; and pol- 
ystyrene having a quaternary ammonium salt-substituted alkyl group and its copolymers with other monomer. 

40 [0231] For the polymer mordant, for example, herein usable are those concretely described in JP-A 48-28325, 
54-74430, 54-124726, 55-22766, 55-142339, 60-23850, 60-23851, 60-23852, 60-23853, 60-57836, 60-60643, 
60-118834, 60-122940, 60-122941, 60-122942, 60-235134, 1-161236; USP 2,484,430, 2,548,564, 3,148,061, 
3,309,690, 4,115,124, 4,124,386, 4,1 93,800, 4,273,853, 4,282,305, 4,450,224; JP^\ 1-161236,10-81064, 10-157277, 
10-217601, 2001-138621, 2000-211235, 2001-138627, 8-174992; JP-B 5-35162, 5-35163, 5-35164, 5-88846; and 

45 Japanese Patents 2^48,847, 2,661 ,677. 

[0232] In the case where the inorganic mordant is combined with the organic mordant for use herein, the blend ratio 
of the two may be determined depending on the balance of the slorabilily and the bleeding resistance. Preferably, the 
blend ratio of the inorganic mordant in the mixture is at least 5 %, more preferably at least 1 0 %. The amount of the 
mordant to be in the layer is preferably from 0.01 g/m 2 to 5 g/m 2 , more preferably from 0.1 g/m 2 to 3 g/m 2 . 

so 

(Other components) 

[0233] If desired, the inkjet recording sheet in the invention may further contain various known additives such as 
acid, UV absorbent, antioxidant fluorescent brightener, monomer, polymerization initiator, polymerization inhibitor, 
55 bleeding inhibitor, preservative, viscosity stabilizer, defoaming agent, surfactant, antistatic agent, matting agent, curl 
inhibitor and water-proofing agent. 

[0234] In the invention, the colorant-receiving layer may contain acid. Containing acid, the surface of the colorant- 
receiving layer is controlled to have a pH of from 3 to 8, preferably from 4 to 6. This is favorable since the yellowing 
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resistance of the white background of the sheet is improved. The surface pH may be measured according to the surface 
pH measurement method A (coating method) defined by the Technical Association of the Pulp and Paper Industry of 
Japan (J. TAPPI). For example, a paper surface pH meter, Kyoritsu Rikagaku Institute's Model MPC for the method A 
is used. 

[0235] Examples of the acid are formic acid, acetic acid, glycolic acid, oxalic acid, propionic acid, malonic acid, 
succinic acid, adipic acid, maleic acid, malic acid, tartaric acid, citric acid, benzoic acid, phthalic acid, isophthalic acid, 
glutaric acid, gluconic acid, lactic acid, aspartic acid, glutamic acid, salicylic acid, metal salicylates (with Zn, Al, Ca or 
Mg), methanesulfonic acid, itaconic acid, benzenesulfonic acid, toluenesulfonic acid, trifiuoromethanesulfonic acid, 
styrenesulfonic acid, trifluoroacetic acid, barbituric acid, acrylic acid, methacrylicacid, cinnamicacid, 4-hydroxybenzoic 
acid, aminobenzoic acid, naphthalenedisulfonic acid, hydroxybenzenesulfonic acid, toluenesulfinic acid, benze- 
nesulfinic acid, sulfanilic acid, sulfamic acid cc-resorcinolic acid, p-resorcinolic acid, 7-resorcinolic acid, gallic acid, 
phloroglucine, sulfosalicylic acid, ascorbic acid, erysorbic acid, bisphenolic acid, hydrochloric acid, nitric acid, sulfuric 
acid, phosphoric acid polyphosphoric acid, boric acid and boronic acid. The amount of the acid to be added may be 
so determined that the surface pH of the colorant- receiving layer may be from 3 to 8. 

[0236] The acid may be used in the form of its metal salt (for example, with any of sodium, potassium, calcium, 
cesium, zinc, copper, iron, aluminium, zirconium, lanthanum, yttrium, magnesium, strontium and cerium) or amine salt 
(for example, with any of ammonia, triethylamine, tributyiamine, piperazine, 2-methylpiperazlne and polyallylamine). 
The examples of metal salt include aluminium chloro hydrate, zirconium oxychloride, and zirconyl acetate. 
[0237] Preferably, the colorant-receiving layer in the invention contains storabilily improver such as UV absorbent, 
antioxidant and bleeding inhibitor. 

[0238] For the UV absorbent, antioxidant and bleeding inhibitor, for example, usable are alkylated phenol compounds 
(including hindered phenol compounds), alkytthiomethylphenol compounds, hydroquinone compounds, alkylated hy- 
droquinone compounds, tocopherol compounds, aliphatic compounds, aromatic compounds, and/or heterocyclic com- 
pounds having thioothcr bonds, bisphonol compounds, 0-, N- and S-benzyl compounds, hydroxybenzyl compounds, 
triazine compounds, phosphonate compounds, acylaminophenol compounds, ester compounds, amide compounds, 
ascorbic acid, amine-type antioxidants, 2-(2-hydroxyphenyl)benzotriazo!e compounds, 2-hydroxybenzophenone com- 
pounds, acrylates, water-soluble or hydrophobic metal salts, organic metal compounds, metal complexes, hindered 
amine compounds (including TEMPO compounds), 2-(2-hydroxyphenyl)-1 ,3,5-triazine compounds, metal inactivators, 
phosphite compounds, phosphonite compounds, hydroxyamine compounds, nitroso compounds, peroxide scaven- 
gers, polyamide stabilizers, polyether compounds, basic assistant stabilizers, nucleating agents, benzofuranone com- 
pounds, indolinone compounds, phosphine compounds, polyamine compounds, thiourea compounds, urea com- 
pounds, hydrazide compounds, amidine compounds, saccharide compounds, hydroxybenzoic acid compounds, dihy- 
droxybenzoic acid compounds and trihydroxybenzoic acid compounds. 

[0239] Of those, preferred are alkylated phenol compounds, compounds having at least two thioether bonds, bisphe- 
nol compounds, ascorbic acid, amine-type antioxidants, water-soluble or hydrophobic metal salts, organic metal com- 
pounds, metal complexes, hindered amine compounds, hydroxyamine compounds, polyamine compounds, thiourea 
compounds, hydrazide compounds, hydroxybenzoic acid compounds, dihydroxybenzoic acid compounds and trihy- 
droxybenzoic acid compounds. 

[0240] Examples of the compounds are described in Japanese Patent Application No. 2002-13005; JP-A 1 0-1 82621 , 
2001-260519; JP-B 4-34953, 4-34513; JP-A 11-170686; JP-B 4-34512; EP 1138509; JP-A 60-67190, 7-276808* 
2001-94829, 47-10537, 58-111942, 58-212844, 59-19945, 59-46646, 59-109055, 63-53544; JP-b' 36-10466' 
42-26187, 48-30492, 48-31255, 48-41572, 48-54965, 50-10726; USP 2,719,086, 3,707,375, 3,754,919, 4,220,711; 
JP-B 45-4699, 54-5324; EP-A 223739, 309401 , 309402, 310551, 310552, 459416; GP-A 3435443; JP-A 54-48535! 

60- 107384, 60-107383, 60-125470, 60-125471, 60-125472, 60-287485, 60-287486, 60-287487, 60-287488,' 

61- 160287, 61-185483,61-211079, 62-146678, 62-146680, 62-146679, 62-282885, 62-262047, 63-051174, 63-89877,' 
63-88380, 66-88381, 63-113536, 63-1 63351 8 63-203372, 63-224989, 63-251282, 63-267594, 63-182484, 1-239282,' 
2-262654, 2-71262, 3-121449, 4-291685, 4-291684, 5-61166, 5-119449, 5-188687, 5-188686, 5-110490,' 5-170361' 
JP-B 48-43295, 48-33212; and USP 4,814,262, 4,980,275. 

[0241] One or more of the above-mentioned additive components may be used singly or as combined. These additive 
components may be in any form of aqueous solution, dispersion, polymer dispersion, emulsion or oil drops, or may be 
encapsulated into microcapsules. In the inkjet recording sheet in the invention, the amount of the additive components 
is preferably from 0.01 to 10 g/m 2 . 

[0242] For increasing the dispersibility of inorganic particles, their surfaces may be processed with a silane coupling 
agent. Preferably, the silane coupling agent has an organic functional group (e.g., vinyl group, amino group (primary 
to tertiary amino group, quaternary ammonium salt group), epoxy group, mercapto group, chloride group, alkyl group, 
phenyl group and ester group), in addition to the coupling-active site thereof. 

[0243] The coating liquid for the colorant-receiving layer in the invention preferably contains a surfactant. The sur- 
factant may be any of cationic, anionic, nonionic, ampholytic, fluorine-containing or silicone-type surfactants. 
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[0244] The nonionic surfactant includes, for example, polyoxyalkylene alkyl ethers and polyoxyalkylene alkylphenyl 
ethers (e.g., diethylene glycol monoethyl ether, diethylene glycol diethyl ether, polyoxyethylene lauryl ether, polyox- 
yethylene stearyl ether polyoxyethylene nonylphenyl ether), oxyethylene-oxypropylene block copolymers, sorbitan 
fatty acid esters (e.g., sorbitan monolaurate, sorbitan monooleate, sorbitan trioleate), polyoxyethylene-sorbitan fatty 

5 acid esters (e.g., polyoxyethylene-sorbitan monolaurate, polyoxyethylene-sorbitan monooleate, polyoxyethylene-sorb- 
itan trioleate), polyoxyethylene-sorbitol fatty acid esters (e.g., polyoxy ethylene-sorbitol tetraoleate), glycerin fatty acid 
esters (e.g., glycerol monooleate), polyoxyethylene-glycerin fatty acid esters (e.g., polyoxyethylene-glycerin monos- 
tearate, polyoxyethylene-glycerin monooleate), polyoxyethylene fatty acid esters (e.g., polyethylene glycol monolau- 
rate, polyoxyethylene glycol monooleate), polyoxyethylene alkylamines, acetylene glycols (e.g., 2,4,7,9-tetramethyl- 

w 5-decyne-4,7-diol, and ethylene oxide adducts and propylene oxide adducts to the diol). Preferred are polyoxyalkylene 
alkyiethers. The nonionic surfactant may be added to the first and second coating liquids. One or more of these nonionic 
surfactants may be used herein either singly or as combined. 

[0245] The ampholytic surfactant includes, for example, amino acid-type, carboxyammonium betaine-type, sulfon- 
ammonium betaine-type, ammonium sulfate betaine-type and imidazolium betaine-type compounds. For example, 
'5 those described in USP 3,843,368, JP-A 59-49535, 63-236546, 5-303205, 8-262742, 10-282619, Japanese Patents 
2,514,1 94, 2,759,795, and JP-A 2000-351 269 are preferably used herein. Of the ampholytic surfactants, more preferred 
are amino acid-type, carboxyammonium betaine-type and sulfonammonium betaine-type compounds. One or more 
such ampholytic surfactants may be sued herein either singly or as combined. 

[0246] The anionic surfaclanl includes, for example, sails of fatly acid (e.g., sodium stearale, potassium oleale), 
20 salts of alkytsulfates (e.g., sodium laurylsulfate, laurylsulfate triethanolamine), salts of sulfonic acids (e.g., sodium 
dodecylbenzenesulfonate), salts of alkylsulfosuccinates (e.g., sodium dioctylsulfosuccinate), salts of alkyldiphenyl 
ether disulfonates and salts of alkylphosphates. 

[0247] The cationic surfactant includes, for example, alkylamine salts, quaternary ammonium salts, pyridinium salts 
and imidazolium salts. 

25 [0248] The fluorine-containing surfactant may be a compound derived from a perfluoroalkyl group-having interme- 
diate through electrolytic fluorination, telomerization or oligomerization. 

[0249] For example, it includes salts of perfluoroalkylsulfonates, salts of perfluoroalkylcarboxylic acids, perfluoro- 
alkyl-ethylene oxide adducts, perfluoroalkyl-trialkylammonium salts, perfluoroalkyl group-having oligomers and per- 
fluoroalkylphosphates. 

30 [0250] For the silicone-containing surfactant, preferred is silicone oil modified with an organic group. The side branch- 
es of the siloxane structure of the compound may be modified with an organic group; or both ends or one end thereof 
maysbe modified with it. The organic group modification includes, for example, amino modification, polyether modifi- 
cation, epoxy modification, carboxyl modification, carbinol modification, alkyl modification, aralkyl modification, phenol 
modification and fluorine modification. 

35 [0251] In the invention, the amount of the surfactant to be in the coating liquid for the colorant-receiving layer is 
preferably from 0.001 to 2.0 %, more preferably from 0.01 to 1 .0 % of the liquid. In the case where two or more coating 
liquids are used for forming the colorant-receiving layer, it is desirable that the surfactant is added to every coating liquid. 
[0252] For preventing it from curling, the colorant-receiving layer in the invention preferably contains a high-boiling- 
point organic solvent. The high-boiling-point organic solvent is an organic compound having a boiling point at normal 

40 pressure of not lower than 1 50°C, and it is a water-soluble or hydrophobic compound. It may be liquid or solid at room 
temperature, and may be a low-molecular or high-molecular compound. 

[0253] Concretely, for example, it includes aromatic carboxylates (e.g., dibutyl phthalate, diphenyl phthalate, phenyl 
benzoate), aliphatic carboxylates (e.g., dioctyl adipate, dibutyl sebacate, methyl stearate, dibutyl maleate, dibutyl tu- 
rn a rate, triethyl acetylcitrate), phosphates (e.g., triocty I phosphate, tricresyl phosphate), epoxy compounds (e.g., epox- 
45 idated soybean oil, methyl esters of epoxydated fatty acids), alcohols (e.g., stearyl alcohol, ethylene glycol, propylene 
glycol, diethylene glycol, Methylene glycol, glycerin, diethylene glycol monobutyl ether (DEGMBE), methylene glycol 
monobulyl ether, glycerin monomethyl ether, 1 ,2,3-bulanelriol, 1 ,2,4-butanetriol, 1,2,4-pentanelriol, 1 ,2,6-hexanetriol, 
thiodiglycol, triethanolamine, polyethylene glycol), vegetable oils (e.g., soybean oil, sunflower oil) and higher aliphatic 
carboxyiic acids (e.g., linolic acid, oleic acid). 

so 

(Support) 

[0254] For the support, any of transparent supports of a transparent material such as plastics, and opaque supports 
of an opaque material such as paper may be used in the invention. For making the best use of the transparency of the 
55 colorant- receiving layer, transparent supports or opaque supports of high glossiness are preferably used. 

[0255] For the transparent supports, transparent materials that are resistant to radiation heat in OHP or backlight 
displays are preferred. The materials are, for example, polyesters such as polyethylene terephthalate (PET); and 
polysulfones, polyphenylene oxides, polyimides, polycarbonates and polyamides. Above all, polyesters are preferred, 
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and polyethylene terephthalate is more preferred. 

[0256] Though not specifically defined, the thickness of the transparent support is preferably from 50 to 200 urn in 
view of the handlability thereof. 

[0257] For the opaque supports of high glossiness, those having a glossiness of at least 40 % on the surface to be 
coated with the colorant-receiving layer are preferred. The glossiness is obtained according to the method of JIS P- 
8142 (method of measuring the 75-degree mirror surface glossiness of paper and paper boards). Concretely, the fol- 
lowing supports are mentioned. 

[0258] For example, they are paper supports of high glossiness, such as art paper, coated paper, cast-coated paper, 
or baryta paper for silver-salt photographic supports; glossy plastic films of polyesters such as polyethylene tereph- 
thalate (PET), cellulose esters such as nitrocellulose, cellulose acetate or cellulose acetate butyrate, polysulfones, 
polyphenylene oxides, polyimides, polycarbonates or polyamides, which are made opaque by adding a white pigment 
thereto (their surface may be calendered); and supports prepared by coating the above-mentioned various types of 
paper supports, transparent supports or white pigment-containing films of high glossiness, with a polyolefin layer con- 
taining or not containing a white pigment. 

[0259] White pigment-containing foamed polyester films (for example, foamed PET containing polyolefin particles 
and stretched to form pores therein) are also preferred for use herein. In addition, resin-coated paper for silver-salt 
photographic printing paper is also preferred. 

[0260] Though not specifically defined, the thickness of the opaque support is preferably from 50 to 300 uxn in view 
of the handlability thereof. 

[0261] The supports may be treated with corona discharge, glow discharge, flames, or UV irradiation for improving 
the wettability and the adhesiveness thereof. 

[0262] The base paper for resin-coated paper is described in detail. 

[0263] The main material of the base paper is wood pulp. Synthetic pulp of polypropylene or synthetic fiber of nylon 
or polyester is optionally added to wood pulp, and this is made into paper. The wood pulp may be any of LBKP, LBSP, 
NBKP, NBSP, LDP, NDP, LUKP or NUKP, but it is desirable to use a larger amount of LBKP, NBSP LBSP, NDP or LDP 
containing much short fiber. 

[0264] However, the proportion of LBSP and/or LDP is preferably from 1 0 % by weight to 70 % by weight. 
[0265] The pulp is preferably chemical pulp (sulfate pulp or sulfite pulp) containing few impurities, and it may be 
bleached to have an increased degree of whiteness. The bleached pulp is also useful herein. 
30 [0266] A sizing agent such as higher fatty acids, alkylketene dimers; a white pigment such as calcium carbonate, 
talc, titanium oxide; a paper reinforcing agent such as starch, polyacrylamide, polyvinyl alcohol; a fluorescent bright- 
ener; a water-retaining agent such as polyethylene glycols; a dispersant; and a softener such as quaternary ammoni- 
ums may be optionally added to the base paper. 

[0267] The freeness of the pulp to be made into the base paper is preferably from 200 to 500 ml in terms of CSF. 
35 Regarding the fiber length of the pulp after beaten, it is desirable that the total of the 24-mesh residue and the 42-mesh 
residue defined in JIS P-8207 is from 30 to 70 % by weight. Also preferably, the 4-rnesh residue is at most 20 % by 
weight. 

[0268] The unit weight of the base paper is preferably from 30 to 250 g, more preferably from 50 to 200 g. The 
thickness of the base paper is preferably from 40 to 250 urn. While or after prepared, the base paper may be calendered 
to have an increased smoothness. The density of the base paper is generally from 0.7 to 1 .2 g/m 2 (JIS P-81 1 8). 
[0269] Further, the toughness of the base paper is preferably from 20 to 200 g under the condition of JIS P-8143. 
[0270] The surface of the base paper may be coated with a surface-sizing agent. The surface-sizing agent may be 
the same as that capable of being added to the base paper as above. 

[0271] The pH of the base paper is preferably from 5 to 9, measured in a hot water extraction method of JIS P-81 1 3. 
[0272] Polyethylene to coat the face and the back of the base paper is generally low-density polyethylene (LDPE) 
and/or high-density polyethylene (HDPE), but other LLDPE and polypropylene may be partly used. 
[0273] Preferably, the polyethylene layer on which the colorant-receiving layer is formed contains rutile or analase- 
type titanium oxide, fluorescent brightener or ultramarine added to polyethylene so as to improve the opacity, the 
whiteness and the color of the layer, like in most photographic printing paper. The titanium oxide content of the poly- 
ethylene layer is preferably from approximately 3 to 20 % by weight, more preferably from 4 to 13 % by weight of 
polyethylene. Though not specifically defined, the thickness of the polyethylene layer is preferably from 10 to 50 urn 
for both the face and back layers. A subbing layer may be formed on the polyethylene layer for enhancing the adhesion 
to the colorant-receiving layer. For the subbing layer, aqueous polyesters, gelatin and PVA are preferred. The thickness 
of the subbing layer is preferably from 0.01 to 5 ^m. 
55 [0274] The polyethylene-coated paper may be glossy paper, or may be mat or silky paper finely embossed while 
polyethylene is melt-extruded onto the base paper to coat it, like ordinary photographic printing paper. 
[0275] The support may be coated with a back coat layer, to which white pigment, aqueous binder and other com- 
ponents may be added. 
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[0276] The white pigment that may be in the back coat layer includes, for example, inorganic white pigments such 
as light calcium carbonate, heavy calcium carbonate, kaolin, talc, calcium sulfate, barium sulfate, titanium dioxide, zinc 
oxide, zinc sulfide, zinc carbonate, satin white, aluminium silicate, diatomaceous earth, calcium silicate, magnesium 
silicate, synthetic amorphous silica, colloidal silica, colloidal alumina, pseudo-boehmite, aluminium hydroxide, alumina, 

5 lithopone, zeolite, hydrated halloysite, magnesium carbonate, magnesium hydroxide; and organic pigments such as 
styrenic plastic pigment, acrylic plastic pigment, polyethylene microcapsules, urea resin and melamine resin. 
[0277] The aqueous binder that may be in the back coat layer includes, for example, water-soluble polymers such 
as styrene/maleic acid salt copolymer, styrene/acrylic acid salt copolymer, polyvinyl alcohol, silanol-modified polyvinyl 
alcohol, starch, cationated starch, casein, gelatin, carboxymethyl cellulose, hydroxyethyl cellulose, polyvinylpyrro- 

10 lidone; and water-dispersible polymers such as styrene-butadiene latex, acrylic emulsion. 

[0278] The other components that may be in the back coat layer are defoaming agent, antifoaming agent, dye, 
fluorescent brightener, preservative, waterproofing agent, etc. 

(Fabrication of inkjet recording sheet) 

15 

[0279] In the invention, the colorant-receiving layer may be formed on the inkjet recording sheet in any known coating 
method, not specifically defined. For It, for example, usable is any of an extrusion die coater, an air doctor coater, a 
blade coater, a rod coater, a knife coater, a squeeze coater, a reverse roll coater or a bar coater. One or more colorant- 
receiving layers may be formed on the support, having a single- layered or multi-layered structure. In addition, the sheet 

20 may additionally have an ink solvent absorbent layer, an interlayer. a protective layer and others. In the invention, the 
inorganic mordant shall be in every colorant-receiving layer or around the ink-receiving face of the sheet. 
[0280] Specifically, it is desirable that the colorant- receiving layer is formed by applying a first coating liquid (here- 
inafter this will be referred to as "coating liquid (A1 )°) that contains at least particles and a water-soluble resin, onto a 
support, applying a second coating liquid (hereinafter this will be referred to as "coating liquid (B1)") that contains at 

25 least a mordant and has a pH of 7.1 or more, onto the coating layer either (1) simultaneously with the coating or (2) 
while the coating layer formed is dried but before it exhibits a falling rate of drying, and crosslinking and curing the 
coating layer having the second coating liquid applied thereonto (wet-on-wet method). In the method, the inorganic 
mordant to be in the colorant-receiving layer in the invention is preferably in at least either of the coating liquid (A1 ) or 
the coating liquid (B1 ). It is more preferably in the coating liquid (A1 ). Also preferably, a crosslinking agent for crosslink- 

30 ing the water-soluble resin is at least in either of the coating liquid (A1 ) or the coating liquid (B1 ). 

[0281] Forming the crosslinked and cured, colorant-receiving layer in the sheet is preferred in view of the ink ab- 
sorbability and the cracking resistance of the layer. 

[0282] In the invention, the coating liquid (A1 ) for forming the colorant-receiving layer that contains at least particles 
(for example, fumed silica) and a water-soluble resin (e.g., polyvinyl alcohol) may be prepared, for example, as follows. 

35 [0283] Particles of fumed silica and a dispersant are added to water (for example, silica particles in water account 
for from 1 0 to 20 % by weight), dispersed therein with a high-revolution wet colloid mill (e.g., M Technics CLEAMIX), 
under a high revolution condition, for example, at 10,000 rpm (preferably from 5,000 to 20,000 ram) for 20 minutes 
(preferably from 10 to 30 minutes), then a crosslinking agent (boron compound) and an aqueous polyvinyl alcohol 
(PVA) solution are added thereto (for example, so that the amount of PVA added may be around 1/3 by weight of the 

^0 fumed silica), and when the coating liquid for the colorant-receiving layer shall contain an inorganic mordant of the 
invention, the mordant is added to it, and this is dispersed underthe same revolution condition as previously to prepare 
the intended coating liquid for the colorant-receiving layer. Thus prepared, the coating liquid is in the form of a uniform 
sol, and this is applied onto a support according to the coating method mentioned below, and dried to form thereon 
the intended, porous colorant-receiving layer having a three-dimensional network structure. 

45 [0284] For preparing the aqueous dispersion of the above-mentioned fumed silica and dispersant, an aqueous dis- 
persion of the fumed silica is first prepared, and the resulting aqueous dispersion maybe added to an aqueous solution 
of dispersanl, or an aqueous solution of dispersant may be added to the aqueous dispersion of fumed silica, or they 
may be mixed all at a time. If desired, not the aqueous dispersion of fumed silica but the powdery fumed silica itself 
may be directly added to an aqueous solution of dispersant. 

so [0285] After the fumed silica and the dispersant have been mixed, the resulting mixture is further dispersed by using 
a disperser to obtain an aqueous dispersion having a mean particle size of from 50 to 300 nm. For obtaining the 
aqueous dispersion, various conventional dispersing machines such as high-revolution dispersers, medium-assisted 
stirring dispersers (e.g. , ball mills, sand mills), ultrasonic dispersers, colloid mill dispersers and high-pressure dispersers 
may be used. In the invention, for efficiently dispersing lumps of particles that may be formed, stirring dispersers, colloid 

55 mill dispersers or high-pressure dispersers are preferably used. 

[0286] The solvent in each step may be any of water, organic solvents or their mixed solvents. The organic solvents 
usable for the coating operation are, for example, alcohols such as methanol, ethanol, n-propanol, i-propanol and 
methoxypropanol; ketones such as acetone, methyl ethyl ketone; and tetrahydrofuran, acetonitrile, ethyl acetate and 
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toluene. 

[0287] For the dispersant, usable are cationlc polymers. The cationic polymers are, for example, those mentioned 
hereinabove for the organic mordant. For the dispersant, also usable are silane coupling agents. 
[0288] The amount of the dispersant is preferably from 0.1 % to 30 %, more preferably from 1 % to 10 % of the 
5 particles. 

[0289] After formed on the support, the colorant- receiving layer may be calendered. For example, using a super 
calender or gloss calender, it is passed through roll nips under heat and pressure. Thus calendered, the surface smooth- 
ness, the glossiness, the transparency and the strength of the layer are increased. However, since the calendering 
treatment will often lower the porosity of the layer (namely, the ink absorbability of the layer will be lowered), its condition 
10 must be so controlled that the porosity of the layer does not much lowered after the calendering treatment. 

[0290] The roll temperature in the calendering treatment is preferably from 30 to 1 50°C, more preferably from 40 to 
100°C. 

[0291] The linear pressure between the rolls in the calendering treatment is preferably from 50 to 400 kg/cm, more 
preferably from 1 00 to 200 kg/cm. 
is [0292] Regarding its thickness, the colorant-receiving layer must have an absorption capacity capable of absorbing 
all liquid drops in inkjet recording. Therefore, the thickness of the layer must be determined in relation to the porosity 
thereof. For example, when the amount of ink to be applied to the layer is 8 nl/mm 2 and the porosity of the layer is 60 
%, the thickness of the layer must be at least about 15 ujti. 

[0293] In consideration of this, the thickness of the colorant-receiving layer for inkjet recording is preferably from 1 0 
20 to 50 urn 

[0294] Preferably, the pore size of the colorant-receiving layer is from 0.005 to 0.030 ujti, more preferably from 0.01 
to 0.025 urn, in terms of the median diameter thereof. 

[0295] The porosity and the pore median diameter may be measured with a mercury porosimeter (PORESIZER 
9320-PC2, trade name by Shimadzu Corporation). 

25 [0296] Preferably, the colorant-receiving layer has high transparency. For its criterion, the haze of the colorant-re- 
ceiving layer formed on a transparent film support is preferably at most 30 %, more preferably at most 20 %. 
[0297] The haze may be measured with a haze meter (HGM-2DP by Suga Test Instruments Co., Ltd.). 
[0298] A dispersion of polymer particles may be added to the constitutive layers (e.g., colorant-receiving layer, back 
layer) of the inkjet recording sheet in the invention. The dispersion of polymer particles is for improving the physical 

30 properties of the coating film, for example, for improving the dimensional stability of the film and for preventing the film 
from curling, blocking and cracking. The dispersion of polymer particles is described in, for example, JP-A 62-245258, 
and 10-228076. When a dispersion of polymer particles having a low glass transition temperature (not higher than 
40°C) is added to the mordant-containing layer, then it is effective for preventing the layer from cracking and curling. 
When a dispersion of polymer particles having a high glass transition point is added to the back layer, it is also effective 

35 for preventing the layer from curling. 

[0299] The inkjet recording sheet in the invention may be fabricated as well, according to the methods described in 
JP-A 10-81064, 10-119423, 10-157277, 10-217601, 11-348409, 2001-138621, 2000-43401, 2000-211235, 
2000-309157, 2001-96897, 2001-138627, 11-91242, 8-2087, 8-2090, 8-2091 and 8-2093. 

[0300] A subbing layer may be formed on the support for enhancing the adhesiveness between the colorant-receiving 

40 layer and the support and for suitably controlling the electric resistance of the support. 

[0301 ] The colorant-receiving layer may be on one surface of the support, or on both surfaces thereof for preventing 
curling and deformation of the support. In the case where the colorant-receiving layer is formed on one surface of the 
support for OHP or the like, an antireflection layer may be formed on the opposite surface or both surfaces of the 
support for increasing the light transmfttance through the support. 

45 [0302] Boric acid or boron compound may be applied onto the surface of the support which Is to be coated with the 
colorant-receiving layer, and then the colorant-receiving layer Is formed thereon to ensure the surface glossiness and 
smoothness of the coloranl-receiving layer, whereby the images formed may be prevented from bleeding in high- 
temperature high-humidity conditions. 

so <lnkjet recording method> 

[0303] The system for the inkjet recording method of the invention is not specifically defined, for which any known 
system is employable. For example, employable is any of a charge control system of jetting out ink through electrostatic 
attractive force; a drop-on-demand system (pressure pulse system) of using the oscillation pressure of a piezoelectric 
55 device; an acoustic inkjet system of converting an electric signal into an acoustic beam, applying it to ink, and jetting 
out the ink under radiation pressure; or a thermal inkjet system of heating ink to form bubbles and utilizing the resulting 
pressure. The inkjet recording system includes a system of jetting a large number of small-volume drops of photoink 
of low concentration, a system of using multiple inks of substantially the same color which, however, differ in concen- 
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tration to improve the image quality, and a system of using colorless transparent ink. 
[0304] Next described is the second aspect of the invention. 

<lnkjet recording ink> 

5 

[0305] The inkjet recording ink for use in the second aspect of the invention is the same as that for use in the first 
aspect thereof described hereinabove. 

< Inkjet recording sheet> 

[0306] The inkjet recording sheet in this aspect has a colorant-receiving layer at least on a support, and the colorant- 
receiving layer contains at least alumina particles or alumina hydrate. 

[0307] The alumina particles used in the invention is crystalline particles of aluminium oxide; and a-alumina, 5-alu- 
mina, y-alumina, 9-alumina and K-alumina are known. Of those, preferred for use in the invention are 6-alumina and 

15 Y-alumina. In view of the production method thereof, more preferred are alumina particles produced by a vapor-phase 
process. Concretely, the fumed alumina particles are produced by hydrolyzing a gaseous metal chloride in the presence 
of water that is generated in oxyhydrogen reaction or at a temperature characteristic of the reaction. 
[0308] Preferably, the mean primary particle size of the alumina particles is at most 1 00 nm, more preferably at most 
20 nm. Containing the alumina particles having an average primary particle diameter of al mosl 20 nm, the colorant- 

20 receiving layer may have an increased porosity and the ink absorbability of the inkjet recording sheet may be thereby 
increased. 

[0309] Alumina hydrate used in the invention may be represented by the following general formula: 

25 (AI 2 0 3 .nH 2 0) 

[0310] Depending on the composition and the crystal morphology, the alumina hydrate is grouped into gibbsite, 
bayerite, norstrandite, boehmite, boehmite gel (pseudo-boehmite), diaspore and amorphous alumina. When n in the 
above-mentioned formula is 1 , it indicates alumina hydrate having a boehmite structure; when n is more than 1 but 
30 smaller than 3, it indicates alumina hydrate having a pseudo-boehmite structure; and when n is 3 or more, it indicates 
an amorphous alumina hydrate. Alumina hydrate of the formula where n is more than 1 but smaller than 3 is preferred 
for use in the invention. 

[031.1] In order that the alumina hydrate ensures rapid ink absorption, it is desirable that the mean pore radius of the 
alumina hydrate is from 1 to 20 nm, more preferably from 3 to 10 nm. Within the range, the alumina hydrate ensures 

35 both rapid ink absorption and rapid ink fixation, and is therefore favorable. 

[0312] In order that the alumina hydrate ensures good ink absorption, it is desirable that the pore volume of the 
alumina hydrate is from 0.1 to 1 ml/g, more preferably from 0.4 to 0.6 ml/g. In the case where the pore volume of the 
ink-receiving layer is too large, the ink-receiving layer may crack or powder away; but when the pore volume thereof 
is too small, the ink absorption will be poor. Also preferably, the solvent absorption of the ink-receiving layer per the 

40 unit area is at least 5 ml/m 2 , more preferably at least 10 ml/m 2 . If the solvent absorption per the unit area of the layer 
is too small, ink will overflow especially in multi-color printing. 

[0313] In order that the alumina hydrate may satisfactorily absorb the dye in ink and fix it, it is desirable that the BET 
specific surface area of the alumina hydrate is from 50 to 500 rr^/g. 

[0314] Regarding its shape, the alumina hydrate used in the invention may be tabular, fibrous, needle-like, spherical 
45 or rod-like. In view of its ink absorbability, the alumina hydrate is preferably tabular. The tabular alumina hydrate may 
have a mean aspect ratio of from 3 to 8, preferably from 3 to 6. The aspect ratio means a ratio of the "diameter" to the 
"thickness" of alumina hydrate particles. The diameter of the alumina hydrate particle means to indicate the diameter 
of a circle of which the area is the same as the projected area of the particle observed with an electronic microscope. 
If the aspect ratio of the particles is smaller than the range as above, the pore size distribution in the ink-receiving layer 
50 will be narrow and the ink absorbability of the layer will lower. On the other hand, if the aspect ratio is larger than the 
range, it is difficult to produce uniform alumina hydrate particles. 

[031 5] The method for producing the alumina hydrate used in the invention is not specifically defined. For producing 
it, any known method is employable. For example, an aluminium alkoxide such as aluminium isopropoxide is hydro- 
lyzed; an aluminium alkoxide having a long carbon chain (for example, alkoxide having from 5 to 40 carbon atoms, 
55 preferably from 8 to 22 carbon atoms) is hydrolyzed in the presence of acid; an aluminium salt is neutralized with alkali; 
or an aluminate is hydrolyzed. The physical properties including the particle size, pore size, pore volume and specific 
surface area of the alumina hydrate may be controlled by suitably controlling the precipitation temperature, the ageing 
temperature, the ageing time, the liquid pH, the liquid concentration and the co-existing compounds. 
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[0316] The method of preparing alumina hydrate from alkoxide is described in, for example, Japanese Patent 
3,085,746, JP-A 2000-301829, 2000-108505 and 2000-108505. 

[0317] In the invention, the alumina particles or alumina hydrate may be combined with any other particles not de- 
tracting from the effect of the invention. The additional particles may be organic particles or inorganic particles. However, 
in view of the ink absorbability and the image stability, it is desirable that the colorant-receiving layer contains inorganic 
particles. 

[0318] Containing the additional particles, the colorant-receiving layer may have a porous structure and its ink ab- 
sorbability therefore increases. In particular, when the solid content of the particles in the colorant-receiving layer is at 
least 50 % by weight, more preferably at least 60 % by weight, then the layer may have a better porous structure and 
the inkjet recording sheet may have good ink absorbability. The solid content of the particles in the colorant-receiving 
layer is obtained through calculation on the basis of the components except water that constitute the composition of 
the colorant-receiving layer. 

[0319] The organic particles are preferably polymer particles that are obtained, for example, through emulsion po- 
lymerization, microemulsion polymerization, soap-free polymerization, seed polymerization, dispersion polymerization 
or suspension polymerization. They are powdery, latex or emulsion polymer particles of, for example, polyethylene, 
polypropylene, polystyrene, polyacrylate, polyamide, silicone resin, phenolic resin or natural polymers. 
[0320] The inorganic particles are, for example, silica particles, colloidal silica, titanium dioxide, barium sulfate, cal- 
cium silicate, zeolite, kaolinlte, halloysite, mica, talc, calcium carbonate, magnesium carbonate, calcium sulfate, zinc 
oxide, zinc hydroxide, calcium silicate, magnesium silicate, zirconium oxide, zirconium hydroxide, cerium oxide, lan- 
thanum oxide and yttrium oxide. Of those, preferred are silica particles and colloidal silica. When used herein, the 
particles may be primary particles directly as they are, or they may form secondary particles. Preferably, the particles 
have an average primary particle diameter of at most 2 urn, more preferably at most 200 nm. 
[0321] More preferred for use in the invention are silica particles having an average primary particle diameter of at 
most 30 nm or colloidal silica having an average primary particle diameter of at most 30 nm; and even more preferred 
are such silica particles. 

[0322] Depending on their production method, silica particles are generally grouped into two types, wet-process 
particles and dry-process (fumed) particles. In the wet process, active silica is formed through acidolysis of silicates, 
and this is polymerized to a suitable degree and flocculated to obtain hydrous silica. This is the mainstream of the 
process. On the other hand, the vapor-phase process includes two types; one comprises high-temperature vapor- 
phase hydrolysis of silicon halide to obtain anhydrous silica (flame hydrolysis), and the other comprises thermal re- 
duction vaporization of silica sand and coke in an electric furnace followed by oxidizing it in air to also obtain anhydrous 
silica (arc process). These two are the main stream of the vapor-phase process. The "fumed silica" means to indicate 
anhydrous silica particles obtained in the vapor-phase process. For the silica particles used in the invention, especially 
preferred are the fumed silica particles. 

[0323] The fumed silica differs from hydrous silica in point of the density of the surface silanol group and of the 
presence or absence of pores therein, and the two different types of silica have different properties. The fumed silica 
is suitable for forming a three-dimensional structure of high porosity. Though not clear, the reason may be because 
the silanol group density in the surfaces of the particles of hydrous silica is high, concretely from 5 to 8/nm 2 , and the 
silica particles may readily densely aggregate, while, on the other hand, the silanol group density in the surfaces of 
the fumed silica particles is low, concretely from 2 to 3/nm 2 ! and the particles sparsely flocculate, thereby forming a 
structure of high porosity. 

(Water-soluble resin) 

[0324] In one preferred embodiment of the inkjet recording sheet in the invention, the colorant-receiving layer is 
formed by applying a dispersion of the above-mentioned particles with a water-soluble resin onto a support. 
[0325] For the water-soluble resin, for example, those described hereinabove in the section of the first aspect of the 
invention are employable. 

[0326] Above all, especially preferred is polyvinyl alcohol resin. More preferred is polyvinyl alcohol resin having a 
degree of saponification of from 70 to 1 00 %, even more preferably from 80 to 99.5 %. For examples of the polyvinyl 
alcohol of the type, referred to are those that are described in the references listed hereinabove in the section of the 
first aspect of the invention. 

[0327] Examples of other water-soluble resins than polyvinyl alcohol resins that are also usable herein are the com- 
pounds described in JP^A 2001-205919, 2002-264489, and paragraphs [0011] to [0014] of JP-A 11-165461. 
[0328] One or more of these water-soluble resin may be used herein either singly or as combined. 
[0329] Preferably, the water-soluble resin content of the colorant- receiving layer in the invention is from 9 to 40 % 
by weight, more preferably from 1 2 to 33 % by weight of the total solid content of the layer. 
[0330] In the case where the polyvinyl alcohol resin is combined with any other water-soluble resin in the invention, 
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the ratio of the polyvinyl Alcohol resin to all the water-soluble resins is preferably at least 50% by weight, more preferably 
at least 70 % by weight. 

(Content ratio of particles to water-soluble resin) 

5 

[0331] The content ratio by weight of the particles (x) to the water-soluble resin (y), PB ratio x/y, has some significant 
influence on the film structure and the film strength of the colorant-receiving layer. Concretely, if the content ratio by 
weight, PB ratio, is large, the porosity, the pore volume and the surface area (per the unit weight) of the layer are all 
high but the density and the strength thereof tend to decrease. 
10 [0332] In the colorant-receiving layer in the invention, the content ratio by weight, PB ratio x/y, is preferably from 
1 .5/1 to 10/1 for the following reasons: if the PB ratio is too large, the film strength of the layer is low and the layer 
readily cracks in dry; but if too small, the resin will fill up the pores in the layer to lower the layer porosity, and the ink 
absorbability of the layer will be thereby lowered. To evade the problems, the PB ratio is preferably within the range 
as above. 

is [0333] While running through the conveyor system in an inkjet printer, the recording sheet may receive stress, and 
therefore the strength of its colorant- receiving layer must be high. In addition, when the sheet is cut, its colorant- 
receiving layer should not crack or peel, and therefore the strength of the layer must be high. Taking these into con- 
sideration, the ratio by weight, x/y is preferably at most 5/1 . In order that the layer has the ability to rapidly absorb ink 
in inkjet printers, the ratio is more preferably at least 2/1 . 

20 

(Crosslinking agent) 

[0334] The crosslinking agent for use in the second aspect of the invention may be the same as that referred to 
hereinabove in the section of the first aspect of the invention. 

25 

(Mordant) 

[0335] In the invention, the colorant-receiving layer contains a mordant for improving the waterproofness and the 

bleeding resistance in storage of the images formed therein. 
30 [0336] The mordant is preferably an organic mordant, cationic polymer (cationic mordant), or an inorganic mordant. 

The mordant in the colorant-receiving layer interacts with the colorant, anionic dye in liquid ink and stabilizes the 

colorant, and therefore improves the waterproofness and the bleeding resistance in storage of the formed images. One 

or more different types of organic mordants and inorganic mordants may be used herein, or an organic mordant and 

an inorganic mordant may be combined for use herein. 
35 [0337] The mordant may be added to the coating liquid A that contains particles and a water-soluble resin. However, 

if it may interact with the particles, the mordant may be added to the coating liquid B. 

[0338] For the cationic mordant, referred to are those described hereinabove in the section of the first aspect of the 
invention. 

[0339] In view of the bleeding resistance in storage, compounds having a weight-average molecular weight of from 

40 500 to 100,000 are preferred for the organic mordant for use herein. 

[0340] In the case where a mordant is in the basic solution (coating liquid B) having pH of at least 7.1 , the mordant 
preferably contains at least one cationic polymer having a primary, secondary or tertiary amino group. Examples of 
the cationic polymer having a primary amino group are polyallylamine and its derivatives. The derivatives include, for 
example, salts of polyallylamine with acid (in which the acid includes inorganic acids such as hydrochloric acid, sulfuric 

45 acid, phosphoric acid and nitric acid, organic acids such as methanesulfonic acid, toluenesulfonic acid, acetic acid, 
propionic acid, cinnamic acid, (meth)acryllc acid, and their combinations; and only a part of allylamine may be converted 
into its salt), derivatives produced through polymer reaction of polyallylamine, and copolymers of polyallylamine wilh 
any other copolymerizable monomer (examples of the monomer are (meth)acrylates, styrenes, (meth)acrylamides, 
acrylonitrile and vinyl esters). 

so [0341] Examples of polyallylamine and its derivatives are described in JP-B 62-31 722, 2-14364, 63-43402, 63-43403, 
63-45721, 63-29881, 1-26362, 2-56365, 2-57084, 4-41686, 6-2780, 6-45649, 6-15592, 4-68622; Japanese Patents 
3,199,227, 3,008,369; JP-A 10-330427, 11-21321, 2000-281728, 2001-106736, 62-256801, 7-173286, 7-213897, 
9-235318, 9-302026, 11-21321 ; WO99/21901 , W099/19372; JP.A 5-140213; and J P-T 11-506488. 
[0342] An inorganic mordant may be used herein, and it includes polyvalent water-soluble metal sattand hydrophobic 

55 metal salt compounds. 

[0343] Examples of the inorganic mordant are salts and complexes with a metal selected from magnesium, alumin- 
ium, calcium, scandium, titanium, vanadium, manganese, iron, nickel, copper, zinc, gallium, germanium, strontium, 
yttrium, zirconium, molybdenum, indium, barium, lanthanum, cerium, praseodymium, neodymium, samarium, euro- 
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pium. gadolinium, dysprosium, erbium, ytterbium, hafnium, tungsten and bismuth. 

(0344] Concretely, for example, they are calcium acetate, calcium chloride, calcium formate, calcium sulfate, barium 
acetate, barium sulfate, barium phosphate, manganese chloride, manganese acetate, manganese formate dihydrate, 
manganese ammonium sulfate hexahydrate, cupric chloride. copper(ll)ammonium chloride dihydrate, copper sulfate, 

5 cobalt chloride, cobalt thiocyanate, cobalt sulfate, nickel sulfate hexahydrate, nickel chloride hexahydrate, nickel ace- 
tate tetrahydrate, nickel ammonium sulfate hexahydrate, nickel amidosulfate tetrahydrate, aluminium sulfate, alumin- 
ium alum, aluminium chloro hydrate, aluminium sulfite, aluminium thiosulfate, aluminium sesquichloro hydrate, alumin- 
ium nitrate 9-hydrate, aluminium chloride hexahydrate, basic aluminium lactate, ferrous bromide, ferrous chloride, ferric 
chloride, ferrous sulfate, ferric sulfate, zinc phenolsulfonate, zinc bromide, zinc chloride, zinc nitrate hexahydrate, zinc 

10 sulfate, titanium tetrachloride, tetraisopropyl titanate, titanium acetylacetonate, titanium lactate, zirconium acetylacet- 
onate, zirconyl acetate, zirconyl sulfate, ammonium zirconium carbonate, zirconyl lactate, zirconyl succinate, zirconyl 
oxalate, zirconyl stearate, zirconyl octylate, zirconyl nitrate, ammonium zirconium acetate, potassium zirconium car- 
bonate, sodium zirconium lactate, basic zirconium glycinate, basic aluminium sulfate, basic aluminium nitrate, basic 
aluminium sulfamate, basic aluminium formate, basic aluminium acetate, basic aluminium glycinate, zirconium oxy- 

15 chloride, zirconium hydroxychloride, chromium acetate, chromium sulfate, magnesium sulfate, magnesium chloride 
hexahydrate, magnesium citrate 9-hydrate, sodium phosphotungstate, sodium tungsten citrate, 12-tungstophosphoric 
acid n-hydrate, 12-tungstosilicic acid 26-hydrate, molybdenum chloride, 12-molybdophosphoricacid n-hydrate, gallium 
nitrate, germanium nitrate, strontium nitrate, yttrium acetate, yttrium chloride, yttrium nitrate, indium nitrate, lanthanum 
nitrate, lanthanum chloride, lanthanum acetate, lanthanum benzoate, cerium chloride, cerium sulfate, cerium octylate, 

w praseodymium nitrate, neodymium nitrate, samarium nitrate, europium nitrate, gadolinium nitrate, dysprosium nitrate, 
erbium nitrate, ytterbium nitrate, hafnium chloride, bismuth nitrate, etc. 

[0345] For the inorganic mordant used in the invention, preferred are aluminium-containing compounds, titanium- 
containing compounds, zirconium-containing compounds, and metal compounds (salts or complexes) of the Group 
NIB scries of the Periodic Table of Elements. 
?5 [0346] The amount of the mordant that may be in the colorant-receiving layer in the invention is preferably from 0.01 
g/m 2 to 5 g/m 2 more preferably from 0.1 g/m 2 to 3 g/m 2 

(Other components) 

» [0347] For the optional components that may be in the inkjet recording sheet in the second aspect of the invention, 
referred to are those described hereinabove in the section of the first aspect of the invention. 

(Support) 



[0348] For the support for use in the second aspect of the invention, referred to are those described hereinabove in 
the section of the first aspect of the invention. 



(Fabrication of inkjet recording sheet) 

[0349] In the invention, the colorant-receiving layer may be formed on the inkjet recording sheet in any known coating 
method, not specifically defined. For it, for example, usable is any of an extrusion die coater, an air doctor coater, a 
blade coater, a rod coater, a knife coater, a squeeze coater, a reverse roll coater or a bar coater. One or more colorant- 
receiving layers may be formed on the support, having a single-layered or multi-layered structure. In addition , the sheet 
may additionally have an ink solvent absorbent layer, an interlayer, a protective layer and others. In the invention, the 
inorganic mordant may be in every colorant-receiving layer or around the ink-receiving face of the sheet. 
[0350] Specifically, It is desirable that the colorant-receiving layer is formed by applying a first coating liquid (here- 
inafter this will be referred to as "coaling liquid (A2)") that contains at least particles and a water-soluble resin, onto a 
support, applying a second coating liquid (hereinafter this will be referred to as "coating liquid (B2)") that contains at 
least a mordant and has a pH of 7.1 or more, onto the coating layer either (1) simultaneously with the coating or (2) 
while the coating layer formed is dried but before it exhibits a falling rate of drying, and crosslinking and curing the 
coating layer having the second coating liquid applied thereonto (wet-on-wet method). In the method, the inorganic 
mordant to be in the colorant- receiving layer in the invention is preferably in at least cither of the coating liquid (A2) or 
the coating liquid (B2). It is more preferably in the coating liquid (A2). Also preferably, a crosslinking agent for crosslink- 
ing the water-soluble resin is at least in either of the coating liquid (A2) or the coating liquid (B2). The pH of the coating 
liquid (B2) is preferably at least 7.5 and more preferably at least 8. 

[0351] Forming the crosslinked and cured, colorant-receiving layer in the sheet is preferred in view of the ink ab- 
sorbability and the cracking resistance of the layer. 

[0352] In the invention, the coating liquid (A2) for forming the colorant-receiving layer that contains at least particles 
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(for example, fumed alumina) and a water-soluble resin (e.g., polyvinyl alcohol) may be prepared, for example, as 
follows. 

[0353] Particles of fumed alumina and a dispersant are added to water (for example, alumina particles in water 
account for from 10 to 20 % by weight), dispersed therein with a high-revolution wet colloid mill (e.g.. M Technic's 

5 CLEAMIX), under a high revolution condition, for example, at 1 0,000 rpm (preferably from 5,000 to 20,000 rpm) for 20 
minutes (preferably from 10 to 30 minutes), then a crosslinking agent (boron compound) and an aqueous polyvinyl 
alcohol (PVA) solution are added thereto (for example, so that the amount of PVA added may be around 1/3 by weight 
of the fumed alumina), and when the coating liquid for the colorant-receiving layer shall contain an inorganic mordant, 
the mordant is added to it, and this is dispersed under the same revolution condition as previously to prepare the 

10 intended coating liquid for the colorant-receiving layer. Thus prepared, the coating liquid is in the form of a uniform sol, 
and this is applied onto a support according to the coating method mentioned below, and dried to form thereon the 
intended, porous colorant-receiving layer having a three-dimensional network structure. 

[0354] For preparing the aqueous dispersion of the above-mentioned fumed alumina and dispersant, an aqueous 
dispersion of the fumed alumina is first prepared, and the resulting aqueous dispersion may be added to an aqueous 
'5 solution of dispersant, or an aqueous solution of dispersant may be added to the aqueous dispersion of fumed alumina, 
or they may be mixed all at a time. If desired, not the aqueous dispersion of fumed alumina but the powdery fumed 
alumina Itself may be directly added to an aqueous solution of dispersant. 

[0355] After the fumed alumina and the dispersant have been mixed, the resulting mixture is further dispersed by 
using a disperser to obtain an aqueous dispersion having a mean particle size of from 50 to 300 nm. For obtaining the 
20 aqueous dispersion, various conventional dispersing machines such as high-revolution dispersers, medium-assisted 
stirring dispersers (e.g., ball mills, sand mills), ultrasonic dispersers, colloid mill dispersers and high-pressure dispersers 
may be used. In the invention, for efficiently dispersing lumps of particles that may be formed : stirring dispersers, colloid 
mill dispersers or high-pressure dispersers are preferably used. 

[0356] For the details of the solvent in each stop, the dispersant, the amount of the dispersant relative to particles, 
25 the calendering treatment of the colorant-receiving layer, the thickness of the colorant-receiving layer, the pore size of 
the colorant-receiving layer, the transparency of the colorant- receiving layer, the dispersion of polymer particles op- 
tionally added to the constitutive layers of the inkjet recording sheet and the method of fabricating the inkjet recording 
sheet in the second aspect of the invention, referred to are those described hereinabove in the section of the first 
aspect of the invention. 

30 

<lnkjet recording method> 

[0357] For the modes of the inkjet recording method of the second aspect of the invention, referred to are those 
described hereinabove in the section of the first aspect of the invention. 
35 [0358] Next described is the third aspect of the invention. 

<lnkjet recording ink> 

[0359] The inkjet recording ink for use in the third aspect of the invention is the same as that for use in the first aspect 
40 thereof described hereinabove. 

<lnkjet recording sheet> 

[0360] The inkjet recording sheet in this aspect has a colorant-receiving layer at least on a support, and the colorant- 
receiving layer contains a cationic polymer having at least any one of primary, secondary or tertiary amino groups. 
[0361] The cationic polymer having any of primary, secondary or tertiary amino groups is preferably a compound 
having a weight-average molecular weight of from 500 to 1 00,000 in view of its ability to improve the ink absorbability 
of the colorant-receiving layer. 

[0362] The cationic polymer having any of primary, secondary or tertiary amino groups includes, for example, poly- 
so ethylenimine, polyvinylamine, polyallylamine, chitosan, amino group-having (meth)acrylate or acrylamide polymers (e. 
g., poly(dialkylaminoethyl (meth)acrylates), poly(dialkylaminoethyl(meth)acrylamides), poly(dialky!aminopropyl (meth) 
acrylates), poly(dialkylaminopropyl(mcth)acrylamidcs)) and their derivatives and copolymers with any other copolym- 
erizable monomer (for example, (meth)acrylates (e.g., methyl acrylate, methyl methacrylate, ethyl methacrylate, butyl 
methacrylate, hydroxyethyl methacrylate, 2-ethylhexyl methacrylate, stearyl methacrylate, trimethyl-2-methacryloy- 
55 loxyammonium chloride, N,N-dimethyl-N-vinylbenzylammonium chloride), and (meth)acry lam ides (e.g., acrylamide, 
methacrylamide, N-methylmethacrylamide, butylacrylamide, t-butylacrylamide), N-vinylimidazole, N-vinylpyridine, N- 
vinylpyrrolidone, cyanoacrylates). Of those, especially preferred for use herein are polyvinylamine, polyallylamine and 
their derivatives. 
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[0363] Polyallylamine for use herein is a polymer prepared through polymerization of monoallylamine (including its 
salts). 

[0364] The polyallylamine and its derivatives for use herein may be any known ones. The derivatives include, for 
example, salts of polyallylamine with acid (in which the acid includes inorganic acids such as hydrochloric acid, sulfuric 
5 acid, phosphoric acid and nitric acid, organic acids such as methanesulfonic acid, toluenesulfohic acid, acetic acid, 
propionic acid, cinnamic acid, (meth)acrylic acid, and their combinations; and only a part of allylamine may be converted 
into its salt), derivatives produced through polymer reaction of polyallylamine, and copolymers of polyallylamine with 
any other copolymerizable monomer (examples of the monomer are (meth)acrylates, styrenes, (meth)acrylamides, 
acrylonitrile and vinyl esters). 

10 [0365] Examples of polyallylamine and its derivatives are described in JP-B 62-31 722, 2-1 4364, 63-43402 63-43403 
63-45721, 63-29881, 1-26362, 2-56365, 2-57084, 4-41686, 6-2780, 6-45649, 6-15592. 4-68622; Japanese Patents 
3,199,227, 3,008,369; JP-A 10-330427, 11-21321, 2000-281728, 2001-106736, 62-256801, 7-173286 7-213897 
9-235318, 9-302026, 11-21321 ; W099/21 901 , W099/19372; JP-A 5-140213; and J P-T 11-506488. 
[0366] The polyvinylamine and its derivatives for use herein may be any known ones. For the derivatives of polyvi- 

15 nylamine, referred to are the derivatives of polyallylamine mentioned hereinabove. 

[0367] Examples of polyvinylamine and its derivatives are described in JP-B 5-35162. 5-35163, 5-35164, 5-88846; 
JP-A 7-118333, 2000-344990; and Japanese Patents 2,648,847, 2,661 ,677. 

[0368] For the cationic polymer having any of primary, secondary or tertiary amino groups for use herein, especially 
preferred are polyallylamine and its derivatives. 

20 

(Water-soluble resin) 

[0369] Preferably, the colorant-receiving layer of the inkjet recording sheet in the invention contains a water-soluble 
resin. 

25 [0370] For the details of the water-soluble resin, referred to are those described hereinabove in the section of the 
first aspect of the invention. 

[0371] Above all, polyvinyl alcohol resin is preferred for the water-soluble resin. For the details of the polyvinyl alcohol 
resin, referred to are those described hereinabove in the section of the first aspect of the invention. 
[0372] Examples of other water-soluble resins than polyvinyl alcohol resins that are also usable herein are the com- 
30 pounds described in JP-A 2001-205919, 2002-264489, and paragraphs [0011] to [0014] of JP-A 11-165461. 
[0373] One or more of these water-soluble resin may be used herein either singly or as combined. 
[0374] Preferably, the water-soluble resin content of the colorant-receiving layer in the invention is from 9 to 40 % 
by weight, more preferably from 12 to 33 % by weight of the total solid content of the layer. 

35 (Particles) 

[0375] For the particles for use in the third aspect of the invention, referred to are those described hereinabove in 
the section of the first aspect of the invention. 

40 (Content ratio of particles to water-soluble resin) 

[0376] For the details of the content ratio of the particles to the water-soluble resin in the third aspect of the invention, 
referred to are those described hereinabove in the section of the first aspect of the invention. 

« (Crosslinking agent). 

[0377] For the crosslinking agent for use in the third aspect of the invention, referred to are those described herein- 
above in the section of the first aspect of the invention. 

50 (Mordant) 

[0378] In the colorant-rccciving layer in the invention, the cationic polymer that has at least any one of primary, 
secondary or tertiary amino groups may be combined with a polymer having a quaternary ammonium salt group except 
the cationic polymer that has at least any of primary, secondary or tertiary amino group or with an inorganic mordant, 
55 for improving the waterproof ness and the bleeding resistance in storage of the images formed therein. 

[0379] One of the organic mordants and inorganic mordants may be used singly herein, or the two, organic and 
inorganic mordants may be combined. 

[0380] In the case where the cationic polymer that has at least any one of primary, secondary ortertiary amino groups 
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is combined with any other mordant in the invention, the blend ratio may be determined depending on the balance of 
the storability and the bleeding resistance of the layer. Preferably, the ratio of the cationic polymer that has at least any 
one of primary, secondary or tertiary amino groups is at least 1 0 %, more preferably at least 20 % of the combined 
mordant. 

5 [0381] The mordant may be added to the coating liquid A that contains particles and a water-soluble resin. However, 
if it may interact with the particles, the mordant may be added to the coating liquid B. 

[0382] The examples a polymer having a quaternary ammonium salt group to be used with the cationic polymer are 
as per described in the section of the first aspect of the invention. 

[0383] The examples of the inorganic mordant are as per described in the section of the first aspect of the invention. 

w 

(Other components) 

,\ 

[0384] For the other components that are optionally in the inkjet recording sheet in the third aspect of the invention, 
referred to are those described hereinabove in the section of the first aspect of the invention. 

15 

(Support) 

[0385] For the details of the support for use in the third aspect of the invention, referred to are those described 
hereinabove in the section of the first aspect of Lhe invention. 

20 

(Fabrication of inkjet recording sheet) 

[0386] Preferably, the colorant-receiving layer in the inkjet recording sheet in the invention is formed by applying a 
first coating liquid (hereinafter this will be referred to as "coating liquid (A3) w ) that contains at least particles and a water- 

25 soluble resin, onto a support, applying a second coating liquid (hereinafter this will be referred to as "coating liquid 
(B3)") that contains at least a mordant and has a pH of 7.1 or more, onto the coating layer either (1) simultaneously 
with the coating or (2) while the formed coating layer is dried before it exhibits a falling rate of drying, and crosslinking 
and curing the coating layer having the second coating liquid applied thereonto (wet-on-wet method) . The pH of coating 
liquid (B3) is preferably at least 7.5 and more preferably at least 8. In the method, the cationic polymer that has either 

30 any of primary, secondary or tertiary amino groups in the invention is preferably in at least either of the coating liquid 
(A3) or the coating liquid (B3). More preferably, the cationic polymer that has at least any of primary, secondary or 
tertiary amino groups is in the coating liquid (B3). Also preferably, a crosslinking agent for crosslinking the water-soluble 
resimis also in at least either of the coating liquid (A3) or the coating liquid (B3). 

[0387] Formation of thus the crosslinked and cured, colorant- receiving layer in the sheet is preferred in view of the 

35 ink' absorbability and the cracking resistance of the layer. 

[0388] The above-mentioned embodiment is preferred since much mordant may be around the surface of the col- 
orant-receiving layer and the inkjet colorant may be fully mordanted by it to improve the waterproof ness of the printed 
letters and images printed. A part of the mordant may also be in the coating liquid (A3). In this case, the mordant to 
be in the coating liquid (A3) and that to be in the coating liquid (B3) may be the same or different. 

40 [0389] In the invention, the coating liquid (A3) for forming the colorant-receiving layer that contains at least particles 
(for example, fumed silica) and a water-soluble resin (e.g., polyvinyl alcohol) may be prepared, for example, as follows. 
[0390] Particles of fumed silica and a dispersant are added to water (for example, silica particles in water account 
for from 1 0 to 20 % by weight), dispersed therein with a high-revolution wet colloid mill (e.g., M Technics CLEAMIX), 
under a high revolution condition, for example, at 10,000 rpm (preferably from 5.000 to 20,000 rpm) for 20 minutes 

« (preferably from 10 to 30 minutes), then a crosslinking agent (boron compound) and an aqueous polyvinyl alcohol 
(PVA) solution are added thereto (for example, so that the amount of PVA added may be around 1/3 by weight of the 
fumed silica), and this is dispersed under the same revolution condition as previously to prepare the intended coating 
liquid for the colorant-receiving layer. Thus prepared, the coating liquid is in the form of a uniform sol, and this is applied 
onto a support according to the coating method mentioned below, and dried to form thereon the intended, porous 

50 colorant-receiving layer having a three-dimensional network structure. 

[0391] For preparing the aqueous dispersion of the above-mentioned fumed silica and dispersant, an aqueous dis- 
persion of the fumed silica is first prepared, and the resulting aqueous dispersion may be added to an aqueous solution 
of dispersant, or an aqueous solution of dispersant may be added to the aqueous dispersion of fumed silica, or they 
may be mixed all at a time. If desired, not the aqueous dispersion of fumed silica but the powdery fumed silica itself 

55 may be directly added to an aqueous solution of dispersant. 

[0392] After the fumed silica and the dispersant have been mixed, the resulting mixture is further dispersed by using 
a disperser to obtain an aqueous dispersion having a mean particle size of from 50 to 300 nm. For obtaining the 
aqueous dispersion, various conventional dispersing machines such as high-revolution dispersers, medium-assisted 
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stirring dispersers (e.g. , ball mills, sand mills), ultrasonic disperse rs, colloid mill dispersers and high-pressure dispersers 
may be used. In the invention, for efficiently dispersing lumps of particles that may be formed, stirring dispersers, colloid 
mill dispersers or high-pressure dispersers are preferably used. 

[0393] The solvent in each step may be any of water, organic solvents or their mixed solvents. The organic solvents 
5 usable for the coating operation are, for example, alcohols such as methanol, ethanol, n-propanol, I-propanol, meth- 
oxypropanol; ketones such as acetone, methyl ethyl ketone; and tetrahydrofuran, acetonitrile, ethyl acetate, toluene, 
etc. 

[0394] For the dispersant, usable are cationic polymers. The cationic polymers are, for example, those mentioned 
hereinabove for the mordant. For the dispersant, also preferred are silane coupling agents. 
10 [0395] The amount of the dispersant is preferably from 0.1 % to 30 %, more preferably from 1 % to 10 % of the 
particles. 

[0396] The coating liquid for the colorant- receiving layer may be applied onto the support in any known method. For 
it, for example, usable is any of an extrusion die coater, an air doctor coater, a blade coater, a rod coater, a knife coater, 
a squeeze coater, a reverse roll coater or a bar coater. 

« [0397] While the colorant-receiving layer coating liquid (A3) is applied onto the support or after it has been applied 
thereon, the coating liquid (B3) is applied to the coating layer. The coating liquid (B3) may be applied thereto before 
the coating layer exhibits a falling rate of drying. In other words, after the colorant-receiving layer coating liquid (A3) 
has been applied onto the support, a mordant is Introduced into the coating layer while the coating layer shows a 
constant rale of drying, and the intended colorant-receiving layer is favorably formed. 

20 [0398] "Before the coating layer exhibits a falling rate of drying" in the method is generally a period of a few minutes 
just after the coating of the coating liquid on the colorant- receiving layer. Within this period, the formed coating layer 
shows a constant rate of drying, namely, the solvent (dispersion medium) content of the coating layer decreases in 
proportion to time. The period in which a constant rate of drying is shown is described, for example, in Handbook of 
Chemical Engineering (pp. 707-71 2, by Maruzen Publishing, October 25, 1 980). 

?5 [0399] As mentioned above, after the first coating liquid has been applied onto the support, it is dried until it exhibits 
a falling rate of drying. In general, the layer is dried at 50 to 1 80°C for 0.5 to 1 0 minutes (preferably for 0.5 to 5 minutes). 
Naturally varying depending on the amount of the coating liquid applied to the support, the range as above is suitable 
for the drying time. 

[0400] For applying the second coating liquid to the first coating layer before the first coating layer exhibits a falling 
» rate of drying, for example, (1 ) the coating layer is further coated with the coating liquid (B3); (2) the coating liquid (B3) 
is sprayed on the layer; or (3) the support coated with the coating layer is dipped in the coating liquid (B3). 
[0401] For the method (1 ) of further coating the coating layer with the coating liquid (B3), for example, any known 
coating method of using a curtain flow coater, an extrusion die coater, an air doctor coater, a blade coater, a rod coater, 
a knife coater, a squeeze coater, a reverse roll coater or a bar coater may be utilized. However, it is desirable to utilize 
« a method of using an extrusion die coater, a curtain flow coater or a bar coater in which the coater is not brought into 
direct contact with the already-formed first coating layer. 

[0402] Afterthe mordant solution (coating liquid (B3)) has been applied thereto, the coating layer is heated generally 
at 40 to 180°C for 0.5 to 30 minutes, and is thus dried and cured. Preferably, it is heated at 40 to 150°C for 1 to 20 
minutes. 

o [0403] In the case where the mordant solution (coating liquid (B3)) is applied to the support at the same time that 
the colorant-receiving layer coating liquid (coating liquid (A3)) is applied thereto, the two may be simultaneously applied 
to the support (in a mode of double-layer coating) so that the colorant-receiving layer coating liquid (coating liquid (A3)) 
is just above the support, and then the coating layer is dried and cured to be the intended colorant-receiving layer. 
[0404] The simultaneous coating (double-layer coating) may be effected, for example, according to a coating method 

s using an extrusion die coater or a curtain flow coater. After the simultaneous coating, the coating layer formed is dried. 
In this case, the coating layer is heated and dried generally at 40 to 1 50°C for 0.5 to 1 0 minutes. Preferably, It is heated 
and dried at 40 to 1 00°C for 0.5 to 5 minutes. 

[0405] In the case where the simultaneous coating (double-layer coating) is effected, using an extrusion die coater, 
the two coating liquids jetted out through the die at the same time are layered at around the outlet of the extrusion die 

> coater, namely, before they reach the support, and they are layered on the support in that condition. The coating liquids 
thus layered before they reach the support are readily crosslinked at the interface between the two liquids when they 
reach the support, and the two liquids are mixed at around the outlet of the extrusion die coater and arc often thickened 
to interfere with the coating operation. Therefore, in the simultaneous coating method as above, it is desirable that a 
barrier layer coating liquid (interlayer coating liquid) is made to exist between the colorant-receiving layer coating liquid 

; (coating liquid (A3)) and the mordant solution (coating liquid (B3)) to form three layers at the same time. 

[0406] The barrier layer coating liquid is not specifically defined. For example, it may be an aqueous solution con- 
taining a minor water-soluble resin, or water. The water-soluble resin serves as a tackifier and is selected in consider- 
ation of its coatability. For it, for example, polymers such as cellulosic resins (e.g., hydroxypropylmethyl cellulose, 
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methyl cellulose, hydroxyethylmethyl cellulose), polyvinylpyrrolidone and gelatin are usable. Incidentally, the above- 
mentioned mordant may be added to the barrier layer coating liquid. 

[0407] For the details of the calendering treatment of the colorant-receiving layer, the thickness of the colorant- 
receiving layer, the pore size of the colorant-receiving layer, the transparency of the colorant-receiving layer, the dis- 
5 persion of polymer particles optionally added to the constitutive layers of the inkjet recording sheet and the method of 
fabricating the inkjet recording sheet in the third aspect of the invention, referred to are those described hereinabove 
in the section of the first aspect of the invention. 

<lnkjet recording method> 

10 

[0408] For the modes of the inkjet recording method of the third aspect of the invention, referred to are those described 
hereinabove in the section of the first aspect of the invention. 
[0409] Next described is the fourth aspect of the invention. 

*5 <lnkjet recording ink> 

[0410] The inkjet recording ink for use in the fourth aspect of the invention is the same as that for use in the first 
aspect thereof described hereinabove. 

20 <lnkjet recording sheet> 

(Composition of inkjet recording sheet) 

[041 1] The inkjet recording sheet in this aspect has a colorant-receiving layer on a support, and the colorant-receiving 
2S layer contains a quaternary ammonium salt cationic polymer having at least one aromatic group in a partial structure 
thereof. 

[0412] Depending on the mordant to be combined with it, dye may often too much aggregate to undesirably lower 
the density of the image formed of it. Basically the same shall apply to any and every dye of high fastness having a 
specific oxidation potential. In the invention, a specific dye is combined with a specific cationic polymer, or that is, a 
30 quaternary ammonium salt cationic polymer having an aromatic group in its partial structure in the colorant-receiving 
layer, in the inkjet recording sheet, and the layer gives a color image of high density with the dye therein still having 
goodfastness. 

[0413] Regarding the type of the aromatic group therein, the quaternary ammonium salt cationic polymer used in 
the invention preferably has any of phenyl, phenylene, naphthyl or naphthylene group in its partial structure, more 

35 preferably a phenyl or phenylene group therein. 

[0414] As the starting materials for it are readily available, the quaternary ammonium salt cationic polymer that has 
an aromatic group in its partial structure used in the invention preferably has an aryl group-substituted alkylene group 
in its partial structure. More preferably, it has a benzyl bond, a phenethyl bond, a cinnamyl bond or a diphenylmethyl 
bond in its partial structure, even more preferably a benzyl bond therein. 

40 [0415] Concretely, the quaternary ammonium salt cationic polymer that has an aromatic group in its partial structure 
used in the invention preferably has at least one unit represented by the following general formulae (III) to (V): 



45 



50 



55 



-f-CH 2 -e-) 




R 22 



CH 2 + N— R 
R" 



,23 
,24 



General Formula (III) 



[0416] In general formula (III), R 21 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; 
R 22 to R 24 each independently represent an aliphatic group or an aromatic group; and X' represents an anionic group. 
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? 31 

-fcH 2 -e-f 

C=0 R 32 General Formula (IV) 
Z— Y— N— R 33 
R 34 



[0417] In general formula (IV), R 31 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; 
R 32 represents an aromatic group or an aromatic group-substituted alkyl group; R 33 and R 34 each independently rep- 
resent an aliphatic group or an aromatic group; Z 1 represents -O- or-NH-; Y 1 represents a divalent linking group: and 
J 5 x- represents an anionic group. 



20 



25 



30 



35 



40 



45 



50 



55 



fR 41 R 43 \ 

T + 2 T + /=>ch 2 -V 
Ijl-Z-ljl-CH* Genera| Formu|a (v) 

R 42 R 44 J 



[0418] In general formula (V), R 41 to R 44 each independently represent a hydrogen atom or an aliphatic group; Z 2 
represents a divalent linking group; X" represents an anionic group; and R 41 and R 43 or R 42 and R 44 may bond to 
each other to form an alkylene group. The alkylene group preferably has from 1 to 10 carbon atoms, more preferably 
from 2 to 4 carbon atoms. 

[0419] The aliphatic group for R 22 to R 24 R 33 R 34 and R 4 1 to R 44 includes, for example, an alkyl group, an alkenyl 

group, an alkynyl group, and an aralkyl group. These groups may be further substituted. Of those, preferred are an 

alkyl group, a substituted alkyl group, an alkenyl group, a substituted alkenyl group, an aralkyl group, and a substituted 

aralkyl group; and more preferred are an alkyl group and a substituted alkyl group. 

[0420] The aliphatic group may be linear or cyclic, and the linear aliphatic group may be branched. 

[0421 ] The alkyl group includes linear, branched and cyclic alkyl groups, preferably having from 1 to 30 carbon atoms, 

more preferably from 1 to 20 carbon atoms. The preferred range of the number of the carbon atoms to form the alkyl 

group may apply to the alkyl moiety of the substituted alkyl group. 

[0422] Examples of the alkyl group are methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, 2-ethyihexyl, t-octyl, decyl, 
dodecyl, octadecyl, cyclohexyl, cyclopentyl, neopentyl, isopropyl and isobutyl groups. 

[0423] Substituents of the substituted alkyl group include a carboxyl group, a sulfo group, a cyano group, a halogen 
atom (e.g., fluorine atom, chlorine atom, bromine atom), a hydroxyl group, an alkoxycarbonyl group having at most 30 
carbon atoms (e.g., methoxycarbonyl group, ethoxycarbonyl group, benzyloxycarbonyl group), an aryloxycarbonyl 
group having at most 30 carbon atoms (e.g., phenoxycarbonyl group), an alkylsulfonylaminocarbonyl group having at 
most 30 carbon atoms (e.g., methylsulfonylaminocarbonylgroup, octylsulfonylaminocarbonyl group), an arylsulfoylami- 
nocarbonyl group (e.g., toluenesulfonylaminocarbonyl group), an acylaminosulfonyl group having at most 30 carbon 
atoms (e.g., benzoylaminosulfonyl group, acetylaminosulfonyl group, pivaloylaminosulfonyl group), an alkoxy group 
having at most 30 carbon atoms (e.g., methoxy group, ethoxy group, benzyloxy group, phenoxyethoxy group, phenethy- 
loxy group), an arylthio group having at most 30 carbon atoms, an alkylthio group (e.g., phenyllhio group , methyllhio 
group, ethylthio group, dodecylthio group), an aryloxy group having at most 30 carbon atoms (e.g., phenoxy group, p- 
tolyloxy group, 1 -naphthoxy group, 2-naphthoxy group), a nitro group, an alkyl group having at most 30 carbon atoms, 
an alkoxycarbonyloxy group (e.g., methoxycarbonyloxy group, stearyloxycarbonyloxy group, phenoxyethoxycarbony- 
loxy group), an aryloxycarbonyloxy group (e.g., phenoxycarbonyloxy group, chlorophenoxycarbonyloxy group), an acy- 
loxy group having at most 30 carbon atoms (e.g., acctyloxy group, propionyloxy group), an acyl group having at most 
30 carbon atoms (e.g., acetyl group, propionyl group, benzoyl group), a carbamoyl group (e.g., carbamoyl group, N, 
N-dimethylcarbamoyl group, morpholinocarbonyl group, piperidinocarbonyl group), a sulfamoyl group (e.g., sulfamoyl 
group, N,N-dimethylsulfamoyl group, rnorpholinosulfonyl group, piperidinosulfonyl group), an alkylsulfonyl group hav- 
ing at most 30 carbon atoms (e.g., methylsulfonyl group, trifluoromethylsulfonyl group, ethylsulfonyl group, butylsulfonyl 
group, dodecylsulfonyl group), an arylsulfonyl group (e.g., benzenes u If ony I group, toluenesulfonyl group, naphthale- 
nesulfonyl group, pyridinesulfonyl group, quinolinesulfonyl group), an aryl group having at most 30 carbon atoms (e. 
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g., phenyl group, dichlorophenyl group, toluyl group, methoxyphenyl group, diethylaminophenyl group, acetylami- 
nophenyl group, methoxycarbonytphenyl group, hydroxypheny! group, t-octylphenyl group, naphthyl group), a substi- 
tuted amino group (e.g., amino group, alkytamino group, dialkylamino group, arylamino group, diarylamino group, 
acylamino group), a substituted phosphono group (e.g., phosphono group, diethylphosphono group, diphenylphospho- 
s no group), a heterocyclic group (e.g., pyridyl group, quinolyl group, furyl group, thienyl group, tetrahydrofuryl group, 
pyrazolyl group, isoxazolyl group, isothiazolyl group, imidazolyl group, oxazolyl group, thiazolyl group, pyridazyl group, 
pyrimidyl group, pyrazyl group, triazolyl group, tetrazolyl group, benzoxazolyl group, benz imidazolyl group, isoquinolyl 
group, thiadiazolyl group, morpholino group, piperidino group, piperazino group, indolyl group, isoindolyl group, thio- 
morpholino group), an ureido group (e.g., methylureido group, dimethyl ureido group, phenylureido group), a sulfa- 
te moylamino group (e.g., dipropylsulfamoylamino group), an alkoxycarbonylamino group (e.g., ethoxycarbonylamino 
group), an aryloxycarbonylamino group (e.g., phenyloxycarbonylamino group), an alkylsulfinyl group (e.g., methylsulfi- 
nyl group), an arylsulfinyl group (e.g., phenylsulfinyl group), a silyl group (e.g., trimethoxysilyl group, triethoxysilyl 
group), a silyloxy group (e.g., trimethylsilyloxy group), etc. 

[0424] The above-mentioned carboxyl group, sulfo group, hydroxyl group and phosphono group may form salts. For 
15 the cation to form the salts, preferred are organic cationic compounds, transition metal-coordinated complex cations 
(e.g., compounds described in Japanese Patent 2,791 ,143) or metal cations (e.g., Na + , K+, Li + , Ag + , Fe 2 * Fe 3 * Cu + , 
Cu 2+ . Zn 2+ , Al 3 * 1/2Ca 2+ ). 

[0425] The organic cationic compounds Include, for example, quaternary ammonium cations, quaternary pyridinium 
cations, quaternary quinolinium cations, phosphonium cations, iodonium cations and sulfonium cations. 
20 [0426] The alkenyl group includes linear, branched and cyclic alkenyl groups, preferably having from 2 to 30 carbon 
atoms, more preferably from 2 to 20 carbon atoms. The preferred range of the number of the carbon atoms to form 
the alkenyl group may apply to the alkenyl moiety of the substituted alkenyl group. 

[0427] Examples of the alkenyl group are vinyl group, allyl group, prenyl group, geranyl group, oleyl group, cycloalke- 
nyl group (e.g., 2-cyclopontcn-1-yl group, 2-cyclohexcn-1-yl group), bicyclo[2,2,1]hept-2-cn-1-yl group, bicyclo[2,2,2] 
25 oct-2-en-4-yl group. 

[0428] Forthesubstituents of the substituted alkenyl group, referred to are the same as those mentioned hereinabove 
for the substituted alkyi group. 

[0429] The alkynyl group includes linear, branched and cyclic alkynyl groups, preferably having from 2 to 30 carbon 
atoms, more preferably from 2 to 20 carbon atoms. The preferred range of the number of the carbon atoms to form 
30 the alkynyl group may apply to the alkynyl moiety of the substituted alkynyl group. 

[0430] Examples of the alkynyl group are ethynyl group, propargyl group, trimethylsilylethynyl group, etc. 

[0431] For the substituents of the substituted alkynyl group, referred to are the same as those mentioned hereinabove 

for the substituted alkyl group. 

[0432] The aralkyl group includes linear, branched and cyclic aralkyl groups, preferably having from 7 to 35 carbon 
35 atoms, rrtore preferably from 7 to 25 carbon atoms. The preferred range of the number of the carbon atoms to form 
the aralkyl group may apply to the aralkyl moiety of the substituted aralkyl group. 

[0433] Examples of the aralkyl group are benzyl group, phenethyl group, methylbenzyl group, octylbenzyl group, 
dodecylbenzyl group, hexadecylbenzyl group, dimethylbenzyl group, octy I oxy benzyl group, octadecylaminocarbonyi- 
benzyl group, chlorobenzyl group, etc. 
40 [0434] For the substituents of the substituted aralkyl group, referred to are the same as those mentioned hereinabove 
for the substituted alkyl group. 

[0435] The aromatic group for R 22 to R 24 , and R 32 to R 34 includes, for example, an any! group and a substituted aryl 
group. The aryl group preferably has from 6 to 30 carbon atoms, more preferably from 6 to 20 carbon atoms. The 
preferred range of the number of the carbon atoms to form the aryl group may apply to the aryl moiety of the substituted 
45 aryl group. 

[0436] Examples of the aryl group are phenyl group, a-naphthyl group, p-naphthyl group, etc. 

[0437] The aromatic group may be substituted. For the substituents of the substituted aromatic group, referred to 

are the same as those mentioned hereinabove for the substituted alkyl group. 

[0438] For the aromatic group-substituted alkyl group for R 32 referred to are the same as those mentioned herein- 

50 above for the aralkyl group for R 22 . 

[0439] In general formulae (III) to (V), the anionic group for X- includes, for example, a halide ion (e.g., chloride ion, 
bromide ion, iodide ion), a sulfonate ion (e.g., bcnzcnesulfonato ion, paratolucncsulfonatc ion, mothanesuffonatc ion, 
trifluoromethanesulfonate ion), an ethylsuffate ion, a 1 ,5-disulfonaphthalene dianion, PF 6 ", BF 4 _ and a perchlorate ion. 
Especially preferred are a halide ion and a sulfonate ion. X- may be a substituent that is in any substitutable position 

55 of the cation site of formulae (III) to (V), and, in this case, the compounds of formulae (III) to (V) form internal salts. 
[0440] The divalent linking group for Y 1 is preferably at least one atom or atomic group of carbon, nitrogen, sulfur 
and oxygen atoms. Concretely, its preferred examples are an alkylene group (e.g., methylene, ethylene, propylene, 
butylene, pentylene), an arylene group (e.g., phenylene, naphthylene), an alkenylene group (e.g., ethenylene, prope- 
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nylene) and an alkynylene group (e.g., propynylene). These may be repeatedly bonded via an oxygen atom, a sulfur 
atom or a substituted amino group. The substituents of the divalent group may be further substituted. For the substit- 
uents of the substituted divalent group, referred to are the same as those mentioned hereinabove for the substituted 
alkyl group. More preferably, substituents of the divalent group is an alkylene group having from 1 to 12 carbon atoms, 

5 an arylene group having from 6 to 18 carbon atoms, or an alkenylene group having from 2 to 12 carbon atoms. 

[0441] The divalent linking group for Z 2 is preferably at least one atom or atomic group of carbon, nitrogen, sulfur 
and oxygen atoms. Concretely, its preferred examples are an alkylene group (e.g., methylene, ethylene, propylene, 
butylene, pentylene), an arylene group (e.g., phenylene, naphthylene), an alkenylene group (e.g., ethenylene, prope- 
nylene) and an alkynylene group (e.g., propynylene). These may be repeatedly bonded via an oxygen atom, a sulfur 

10 atom or a substituted amino group. The substituents of the divalent group may be further substituted. For the substit- 
uents of the substituted divalent group, referred to are the same as those mentioned hereinabove for the substituted 
alkyl group. More preferably, substituents of the divalent group is an alkylene group having from 1 to 1 2 carbon atoms, 
an arylene group having from 6 to 1 8 carbon atoms, or an alkenylene group having from 2 to 12 carbon atoms. 
[0442] The polymers having at least one unit of formulae (III) and (IV) may be copolymers with any other ethylenic 

15 unsaturated group-having monomer. 

[0443] The copolymerizable monomer includes, for example, (meth)acrylates (e.g., methyl acrylate, methyl meth- 
acrylate, ethyl methacrylate, butyl methacrylate, hydroxyethyl methacrylate, 2-ethylhexyl methacrylate, stearyl meth- 
acrylate, trjmethyl-2-methacryloyloxyammonium chloride, dimethylaminoethyl methacrylate), (meth)acrylamides (e.g., 
acryJamide, melhacrylamide, N-melhylacrylamide, butylacrylamide, l-bulylacrylamide), N-vinylimidazole, N-vinylpyri- 

20 dine, N-vinylpyrrolidone and cyanoacrylates. 

[0444] Preferably, the quaternary ammonium salt cationic polymer used in the invention has at least one unit of 
formula (III). 

[0445] Serving as a mordant for dye, the quaternary ammonium salt cationic polymer is in the colorant-receiving 
layer in the invention. In the case whore the colorant-rocciving layer contains particles and is porous, the polymer may 
25 also serve as a flocculation inhibitor for the particles. 

[0446] The weight-average molecular weight of the quaternary ammonium salt cationic polymer used in the invention 
is preferably at most 200,000, more preferably from 1 ,000 to 100,000 in view of the ink absorbability of the layer that 
contain the polymer. 

[0447] Examples of the quaternary ammonium salt cationic polymer used in the invention that contains the unit of 
30 formula (III) are (1-1) to (M2) mentioned below; those of the polymer that contains the unit of formula (IV) are (2-1) 
to (2-8); and those of the polymer that contains the unit of formula (V) are (3-1 ) to (3-4). 
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so [0448] Another embodiment of the quaternary ammonium salt cationic polymer used in the invention, which has at 
least one aromatic group in its partial structure, has at least one unit represented by the following general formula (VI): 
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[0449] In general formula (VI), R 51 and R 5 2 each represent a hydrogen atom or an alkyl group having from 1 to 4 
carbon atoms; R**, R54 and R5 s each represent an alkyl group; has the same meaning as that of Z* in formula (V); 
Y2 has the same meaning as that of Y 1 in formula (IV); X" has the same meaning as in formula (III); and x and y each 
indicate an integer of 1 or more. 

[0450] In formula (VI), the quaternary ammonium salt site does not have an aromatic group. However, the polymer 
that has al least one unit of formula (VI) is copolymers with slyrene, and the slyrene moiety therein is recognized 
as the aromatic group of the copolymer. 

[0451] In formula (VI), x is preferably from 10 to 90, more preferably from 20 to 80 per the total monomer units of 100. 
[0452] Examples of the compounds of formula (VI) are mentioned below. 
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(Water-soluble resin) 

30 [0453] Preferably, the colorant-receiving layer in the inkjet recording sheet in the invention contains a water-soluble 
resin. 

[0454] For the details of the water-soluble resin, referred to are those mentioned hereinabove in the section of the 
first aspect of the invention. 

[0455] Above all, polyvinyl alcohol resins are preferred for the water-soluble resin for use herein. For examples of 
35 polyvinyl alcohol, referred to are the ones described in the publications mentioned hereinabove in the section of the 
first aspect of the invention. 

[0456] Examples of other water-soluble resins than polyvinyl alcohol resins that are also usable herein are the com- 
pounds described in JP-A 2001 -20591 9, 2002-264489, and paragraphs [0011] to [0014] of JP-A 11-165461. 
[0457] One or more of these water-soluble resins may be used herein either singly or as combined. 
40 [0458] The water-soluble resin content of the colorant-receiving layer in the invention is preferably from 9 to 40 % 
by weight, more preferably from 1 2 to 33 % by weight of the total solid content of the layer. 



^5 [0459] For the particles for use in the fourth aspect of the invention, referred to are those described hereinabove in 
the section of the first aspect of the invention. 

(Content ratio of particles to water-soluble resin) 

50 [0460] For the details of the content ratio of the particles to the water-soluble resin in the fourth aspect of the invention , 
referred to are those described hereinabove in the section of the first aspect of the invention. 

(Crosslinking agent) 

55 [0461] For the crosslinking agent for use in the fourth aspect of the invention, referred to are those described here- 
inabove in the section of the first aspect of the invention. 



(Particles) 
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(Mordant) 

[0462] In the invention, the colorant-receiving layer contains a quaternary cationic polymer that has at least one 
aromatic group in its partial structure. If desired, the cationic polymer may be combined with any other type of cationic 
polymer than the quaternary cationic polymer that has at least one aromatic group in its partial structure or with an 
inorganic mordant. In this case, the blend ratio of the compounds may be determined depending on the balance of the 
image storability (fastness to light and ozone) and the bleeding resistance. Preferably, in the mixture, the blend ratio 
of the quaternary cationic polymer that has at least one aromatic group in its partial structure is at least 1 0 % by weiqht 
more preferably at least 20% by weight. ' 
[0463] Also, the cationic polymer may be combined with those described in the first aspect of the invention, that is, 
an organic cationic polymer that does not have an aromatic group or an inorganic mordant. 
[0464] The mordant may be added to the coating liquid A that contains particles and a water-soluble resin. However 
in the case where the mordant may react with the particles in the liquid to form aggregates, it may be added to the 
coating liquid B. 

[0465] The cationic polymer that may be combined with the quaternary cationic polymer having an aromatic group 
in its partial structure is, for example, a polymer that has a primary to tertiary amino group or an quaternary ammonium 
salt group not having an aromatic group In its partial structure. 

[0466] For the polymer mordant that may be combined with the quaternary cationic polymer, preferred are homopol- 
ymers of a monomer having a primary to tertiary amino group or its sail or a quaternary ammonium base not having 
an aromatic group in its partial structure (mordant monomer), and copolymers or polycondensates of the mordant 
monomer with any other monomer (hereinafter referred to as "non-mordant monomer"). These polymer mordants may 
be used in any form of water-soluble polymers or water-dispersible latex particles. 

[0467] The monomer (mordant monomer) includes, for example, quaternates of N,N-dimethylaminoethyl (meth)acr- 
ylato : N.N-diethylaminoothyl (mcth)acrylatc, N,N-dimcthylaminopropyl (mcth)acrylate, N,N-dicthylaminopropyl (moth) 
acrylate, N,N-dimethylaminoethyl(meth) acrylamide, N,N-diethylaminoethyl(meth)acrylamide, N.N-dimethylaminopro- 
pyl(meth)acrylamide, N,N-diethylaminopropyl(meth)acrylamide with methyl chloride, ethyl chloride, methyl bromide, 
ethyl bromide, methyl iodide or ethyl iodide; and their sulfonates, alkylsulfonates, acetates or alkylcarboxylates derived 
from them through anion substitution. 

[0468] Concretely, for example, they include monomethyldiallylammonium chloride, trimethyl-2-(methacryloyloxy) 
ethylammonium chloride, triethyl-2-(methacryloyloxy)ethylammonium chloride, trimethyl-2-(acryloyloxy)ethylammoni- 
um chloride, triethyl-2-(acryloyloxy)ethylammonium chloride, trimethyl-3-(methacryloyloxy)propylammonium chloride 
tr!ethyl-3.(methacryloyloxy)propylammonium chloride, trimethyl-2-(methacryloylamino)ethylammonium chloride trie- 
thyl-2-(methacryloylamino)ethylammonium chloride, trimethyl-2-(acryloylamino)ethylammonium chloride, triethyl- 
2-(acryloylamino)ethylammonium^ 
acryloylamino)propylammoniumchloride 

no)propylammonium chloride, N : N-dimethyl-N-ethyl-2-(methacryloyloxy)ethylammonium chloride, N,N-diethyl-N-me- 

thyl-2-(methacryloyloxy)ethylammonium chloride, N J N-dimethyl-N-ethyl-3-(acryloylamino)propylammonium chloride 

tnmethyl-2-(methacryloyloxy)ethylammonium bromide, trimethyl-3-(acryloylamino)propylammonium bromide trime- 

thyl-2-(methacryloyloxy)ethylammonium sulfonate, trimethyl-3-(acryloylamino)propylammonium acetate 

[0469] In addition, N-vinylimidazole and N-vinyl-2-methylimidazole, etc. are also copolymerizable monomers for use 

herein. 

[0470] Also usable are allylamine, diallylamine and their derivatives and salts. Examples of the compounds are al- 
lylamine, allylamine hydrochloride, allylamine acetate, allylamine sulfate, diallylamine, diallylamine hydrochloride di- 
allylamine acetate, diallylamine sulfate, diallylmethylamine and its salts (e.g., its hydrochloride, acetate, sulfate), dial- 
lylethylamine and Its salts (e.g., its hydrochloride, acetate, sulfate) and diallyldimethylammonium salt (Its counter anion 
includes chloride ! sulfate and acetate ions). These allylamine and diallylamine derivatives are poorly polymerizable 
when they are in the form of free amines. In general, therefore, their salts are polymerized and the resulting polymers 
are optionally desalted. 

[0471] Further, units of N-vinylacetamide or N-vinylformamide may also be used, and the polymers formed are hy- 
drolyzed to form vinylamine units, and they may be further converted into their salts for use herein. 
[0472] The non-mordant monomer does not contain a basic or cationic moiety of primary to tertiary amino groups 
and their salts or quaternary ammonium bases, and docs not interact with dye in Inkjet ink or substantially interacts 
little with it. 

[0473] The non-mordant monomer includes, for example, alkyl (meth)acrylates; cycloalkyl (meth)acrylates such as 
cyclohexyl (meth)acrylate; vinyl esters such as vinyl acetate, vinyl propionate, vinyl versatate; allyl esters such as allyl 
acetate; halogen-containing monomers such as vinylidene chloride, vinyl chloride; vinyl cyanides such as (meth)acry- 
lonitrile; and olefins such as ethylene, propylene. 

[0474] Of the alkyl (meth)acryiates, those in which the alkyl moiety has from 1 to 1 8 carbon atoms are preferred. 
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They include, for example, methyl (meth)acrylate, ethyl (meth)acrylflte, propyl (meth)acrylate, Isopropyl (meth)acrylate, 
n-butyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl (meth)acrylate, hexyl (meth)acrylate, octyl (meth)acrylate, 
2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate. 

[0475] Of those, more preferred are methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl methacrylate and 
s hydroxyethyl methacrylate. 

[0476] One or more of the non-mordant monomers may be used singly or as combined. 

[0477] Other preferred examples of the cationic polymer are polydiallyldimethylammonium chloride, polymethacry- 
loyloxyethyl-p-hydroxyethyldimethylammonium chloride, polyethylenimine, polyallylamine and its derivatives, polya- 
mide-polyamine resin, cationated starch, dicyandiami de-formalin condensate, dim ethyl -2-hydroxypropylammoni urn 
10 salt polymer, polyamidine, polyvinylamine; dicyan cationic resins such as typically dicyandiamide-formalin polyconden- 
sate; polyamine cationic resins such as typically dicyandiamide-diethylenetriamine polycondensate; epichlorohydrin- 
dimethylamine addition polymer, dimethyldiallylammonium chloride-S0 2 copolymer, diallylamine salt- S0 2 copolymer, 
and (meth)acrylate-containing polymer that has a quaternary ammonium base-substituted alky! group in the ester 
moiety. 

is [0478] For the inorganic mordant usable in the fourth aspect of the invention, referred to are those mentioned here- 
inabove in the section of the second aspect of the invention. 

(Other components) 

20 [0479] For the other components that may be optionally in the inkjet recording sheet in the fourth aspect of the 
invention, referred to are those mentioned hereinabove in the section of the first aspect of the invention. 

(Support) 

25 [0480] For the support in the fourth aspect of the invention, referred to are those mentioned hereinabove in the 
section of the first aspect of the invention. 

(Fabrication of inkjet recording sheet) 

30 [0481] In the invention, the colorant-receiving layer may be formed on the inkjet recording sheet in any known coating 
method, not specifically defined. For it, for example, usable is any of an extrusion die coater, an air doctor coater, a 
blade coater, a rod coater, a knife coater, a squeeze coater, a reverse roll coater or a bar coater. One or more colorant- 
receiving layers may be formed on the sheet, having a single-layered or multi-layered structure. In addition, the sheet 
may additionally have an ink solvent absorbent layer, an interlayer a protective layer and others. In the invention, the 

35 inorganic mordant may be in every colorant- receiving layer or around the ink-receiving face of the sheet. 

[0482] For example, it is desirable that the colorant-receiving layer is formed by applying a first coating liquid (here- 
inafter this will be referred to as "coating liquid (A4)") that contains at least particles and a water-soluble resin, onto a 
support, applying a second coating liquid (hereinafter this will be referred to as "coating liquid (B4) H ) that contains at 
least a mordant and has a pH of 7.1 or more, onto the coating layer either (1 ) simultaneously with the coating or (2) 

40 while the coating layer formed is dried but before it exhibits a falling rate of drying, and crosslinking and curing the 
coating layer having the second coating liquid applied thereonto (wet-on-wet method). The pH of the coating liquid 
(B4) is preferably at least 7.5 and more preferably at least 8. In the method, the inorganic mordant to be in the colorant- 
receiving layer in the invention is preferably in at least either of the coating liquid (A4) or the coating liquid (B4). It is 
more preferably in the coating liquid (A4). Also preferably, a crosslinking agent for crosslinking the water-soluble resin 

45 is in at least either of the coating liquid (A4) or the coating liquid (B4). 

[0483] Forming the crosslinked and cured, colorant-receiving layer in the sheet is preferred in view of the ink ab- 
sorbability and the cracking resistance of the layer. 

[0484] In the fourth aspect of the invention, the coating liquid (A4) forforming the colorant-receiving layerthat contains 
at least particles (for example, fumed silica) and a water-soluble resin (e.g., polyvinyl alcohol) may be prepared, for 

50 example, as in the third aspect of the invention described hereinabove. 

[0485] For the details of the aqueous dispersion of the fumed silica and dispersant, the solvent and the dispersant 
in each step, the method of applying the colorant-rccciving layer coating liquid onto the support, the method of drying 
the first coating liquid, the method of applying the second coating liquid before the first coating layer exhibits a falling 
rate of drying, the method of simultaneously coating the two layer (double layer coating) and the liquid for the barrier 

55 layer in the fourth aspect of the invention, referred to are those described hereinabove in the section of the third aspect 
of the invention. 

[0486] In addition for the details of the calendering treatment of the colorant-receiving layer, the thickness of the 
colorant-receiving layer, the pore size of the colorant-receiving layer, the transparency of the colorant-receiving layer, 
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the dispersion of polymer particles optionally added to the constitutive layers of the inkjet recording sheet and the 
method of fabricating the inkjet recording sheet in the fourth aspect of the invention, referred to are those described 
hereinabove in the section of the first aspect of the invention. 

5 <lnkjet recording method> 

[0487] For the modes of the inkjet recording method of the fourth aspect of the invention, referred to are those 
described hereinabove in the section of the first aspect of the invention. 

10 EXAMPLES 

[0488] Examples of the first aspect of the invention are described below, to which, however, the invention is not 
limited. In the Examples, "part" is by weight. 

J 5 Example 1 : 

(Preparation of aqueous ink) 

[0489] Deionized water was added to the following ingredients to make 1 liter, and stirred for 1 hour under heat at 
20 30 to 40°C. Next, its pH was made 9 with 10 mol/liter of KOH added thereto, and this was filtered under reduced 
pressure through a 0.25 fim -microliter to prepare light magenta ink. 



[0490] The dye and the additives were varied, and magenta ink, light cyan ink, cyan ink, yellow ink and black ink 
were prepared to produce an ink set 101 as in Table 1 . 



30 



25 



Magenta dye (T-1 ) of the following structural formula 

Dielhylene glycol 

Urea 

Glycerin 

Triethylene glycol monobutyl ether 
2-Pyrrolidone 

SURFINOL 465 (surfactant by Air Products Japan, Inc.) 

Triethanolamine 

Benzotriazole 

PROXEL XL-2 (microbicide by ICI Japan) 



7.5 g/liter 
50 g/liler 
10 g/liter 
200 g/liter 
120 g/liter 
20 g/liter 
10.5 g/liter 
6.9 g/liter 
0.08 g/liter 
3.5 g/liter 
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Dye (g/liter) 


Diethylene Glycol (g/liter) 


Urea (g/liter) 


Glycerin (g/liter) 


Triethylene Glycol 
Monobutyl Ether (g/liter) 


Diethylene Glycol Monobutyl 
Ether (g/liter) 


2 - Pyrrolidone (g/liter) 


SURFINOL 465 (g/liter) 


SURFINOL STG (g/liter) 


Triethanolamine (g/liter) 


Benzotriazole (g/liter) 


PROXEL XL-2 (g/liter) 
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30 




[0491] Next, the dye in each of the light magenta, magenta, light cyan : cyan and yellow inks of the Ink set 101 was 
35 varied as in Table 2 to produce ink sets 102 to 106. In changing it, the dye was so controlled that its amount could be 
equimolar to each other, and the dye concentration was so controlled that the transmission density of every ink could 
be the same as that in the ink set 1 01 . In combining them, the dyes were mixed in a ratio of 1/1 by mol. 



Table 2 



40 



45 



Ink Set 


Light Magenta 


Magenta 


Light Cyan 


Cyan 


Yellow 


101 


T-1 


T-1 


T-2 


T-2 


T-3 


102 


T-1 


T-1 


C-10 


C-10 


T-3 


103 


M-11 


M-11 


T-2 


T-2 


T-3 


104 


M-11 


M-11 


C-10 


C-10 


T-3 


105 


M-10 


M-10 


C-40 


C-40 


Y-4 


106 


M-6 


M-3 


C-42 


C-40 


Y-24 Y-25 



so 

(Formation of support) 

[0492] In a double disc refiner, wood pulp of 1 00 parts of LBKP was beaten to a degree of Canadian f rocnoss of 300 
ml, and 0.5 parts of epoxybehenamide, 1 .0 part of anionic polyacrylamide, 0.1 parts of polyamidopolyamine-epichlo- 
55 rohydrin and 0.5 parts of cationic polyacrylamide, all in terms of the ratio by weight to the absolute dry weight of the 
pulp, were added to it. Using a Fourdrinier paper machine, this was metered and made into base paper of 1 70 g/m 2 . 
[0493] To control its surface size, the base paper was dipped in an aqueous 4 % polyvinyl alcohol solution containing 
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0.04 % of a fluorescent brightener (WHITEX BB by Sumitomo Chemical Co., Ltd.) so that the sizing agent Infiltrated 
into the base paper could be 0.5 g/m 2 in terms of the absolute dry weight, then dried, and calendered. Thus processed, 
the base paper had a controlled density of 1 .05 g/cc. 

[0494] The wire-contacted surface (back surface) of the base paper was treated with corona discharge, and then 
coated with high-density polyethylene of 19 urn thick, using a melt extruder. A mat resin layer was thus formed on the 
back surface of the base paper (the resin-coated surface is hereinafter referred to as the "back" of the base paper). 
The back resin layer was treated with corona discharge, and an aqueous dispersion of antistatic agent, aluminium 
oxide (ALUMINA SOL 100 by Nissan Chemical Industries, Ltd.) and silicon dioxide (SNOWTEX O by Nissan Chemical 
Industries, Ltd.) in a ratio of 1/2 by weight, was applied thereto to form a layer having a dry weight of 0.2 g/m 2 . 
[0495] Further, the felt surface (face) not coated with the resin layer was treated with corona discharge, and low- 
density polyethylene containing 10 % of anatase-type titanium dioxide, minor ultramarine and 0.01 % (relative to pol- 
yethylene) of a fluorescent brightener and having MFR (melt flow rate) of 3.8 was melt-extruded onto it, using a melt 
extruder, to form a layer having a thickness of 29 um A glossy thermoplastic resin layer was thus formed on the face 
of the base paper to complete a support (the glossy surface is hereinafter referred to as the "face" of the support). 

(Preparation of coating liquid A1 for colorant-receiving layer) 

[0496] In the composition mentioned below, (1) fumed silica particles, (2) ion-exchanged water and (3) SHALLOL 
DC-902P were mixed, and dispersed for 20 minutes using KD-P (by Shinmaru Enterprises) at 10,000 rpm. Then, a 
solution containing the following (4) polyvinyl alcohol, (5) boric acid, (6) polyoxyethylene lauryl ether and (7) ion-ex- 
changed water was added to it, and further dispersed for 20 minutes at 10,000 rpm to prepare a coating liquid A1 for 
colorant-receiving layer. 

[0497] The ratio by weight of the silica particles to the water-soluble resin, PB ratio (1 )/(4) was 4.5/1 , and the coating 
liquid A1 was acidic, having a pH of 3.5. 

Composition of coating liquid A1 for colorant-receiving layer> 
[0498] 

(1 ) Fumed silica particles (inorganic particles) (Tokuyama's REOLOSIL QS-30 having an average primary particle 
diameter of 7 nm) 1 0.0 parts 

(2) Ion-exchanged water 51.7 parts 

(3) Polydimethyldiallylamine quaternary ammonium salt (SHALLOL DC-902P by Daiichi Kogyo Seiyaku Co. Ltd.) 
0.8 parts 

(4) Aqueous solution of 8 % polyvinyl alcohol (water-soluble resin) (PVA124 by Kuraray Co., Ltd., having a degree 
of saponification of 98.5% and a degree of polymerization of 2400) 27.8 parts 

(5) Boric acid (crosslinking agent) 0.4 parts 

(6) Polyoxyethylene lauryl ether (surfactant) (EMULGEN 1 09P by Kao Corporation, aqueous 1 0 % solution havinq 
HLB of 13.6) 1.2 parts 

(7) Ion-exchanged water 33.0 parts 

(Preparation of coating liquid A2 for colorant- receiving layer) 

[0499] A coating liquid A2 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 1 .4 parts of zirconyl acetate (ZIRCOSOL ZA-30 by Daiichi Kigenso Kagaku Kogyo 
Co., Ltd, aqueous 30 % solution). 

(Preparation of coating liquid A3 for colorant-receiving layer) 

[0500] A coating liquid A3 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 1 .0 part of basic zirconyl chloride (ZIRCOSOL ZC-2 by Daiichi Kigenso Kaqaku 
Kogyo Co., Ltd.). 

(Preparation of coating liquid A4 for colorant- receiving layer) 

[0501 ] A coating liquid A4 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1, except for further adding 0.8 parts of aluminium chloro hydrate (AI 2 (OH) 5 CI, aqueous 40 % solution), and 
using polyvinyl alcohol PVA235 (by Kuraray Co., Ltd., having a degree of saponification of 88 % and a degree of 
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polymerization of 3500) instead of polyvinyl alcohol PVA124. 

(Preparation of coating liquid A5 for colorant-receiving layer) 

5 [0502] A coating liquid A5 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 0.4 parts of aluminium chloro hydrate (AyOH) 5 CI, aqueous 40 % solution). 

(Preparation of coating liquid A6 for colorant-receiving layer) 

w [0503] A coating liquid A6 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 0.2 parts of titanium lactate and 0.7 parts of aluminium chloro hydrate (AI 2 (OH) 5 CI, 
aqueous 40 % solution). 

(Preparation of coating liquid A7 for colorant-receiving layer) 

15 

[0504] A coating liquid A7 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 0.4 parts of lanthanum nitrate. 

(Preparation of coaling liquid A8 for colorant-receiving layer) 

20 

[0505] A coating liquid AB for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 1 .0 part of methacrylate quaternary ammonium salt (SHALLOL DM-283P by Daiichi 
Kogyo Seiyaku Co. Ltd.). 

25 (Preparation of coating liquid A9 for colorant-receiving layer) 

[0506] A coating liquid A9 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for changing the amount of polydimethyldiallylamine quaternary ammonium salt (SHALLOL DC-902P 
by Daiichi Kogyo Seiyaku Co. Ltd.) to 1 .6 parts instead of 0.8 parts. 

30 

(Preparation of coating liquid A10 for colorant-receiving layer) 

[0507] A coating liquid A1 0 for colorant- receiving layer was prepared in the same manner as in preparing the coating 
liquid A1 , except for further adding 1 .0 part of polydimethyldiallylamine quaternary ammonium salt (PAS-A-1 by Nitto 
35 BosekiCo., Ltd.). 

(Preparation of coating liquid A11 for colorant-receiving layer) 

[0508] A coating liquid A1 1 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
40 liquid A1 , except for further adding 1 .0 part of polydimethylmethylenepiperidinium chloride quaternary ammonium salt 
(ADEKATHIOACE PD-50 by Asahi Denka Co. Ltd.). 

(Fabrication of inkjet recording sheet) 

45 [0509] The face of the support was treated with corona discharge. Using an extrusion die coater, any of the coating 
liquids A1 to A11 prepared above was applied to it to a thickness of 200 ml/m 2 (coating step). Thus coated, this was 
dried with a hot air drier at 80°C (hot air speed: 3 to 8 m/sec) to make the coaling layer have a solid content of 20 %. 
Through the process, inkjet recording sheets (A1) to (A11) were fabricated, in which the colorant- receiving layer had 
a dry thickness of 32 |im. 

so 

(Image recording and evaluation) 

[0510] Each of the ink sets 1 01 to 106 is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the inkjet recording sheets (A1) to (A11) 
55 coated with the coating liquids A1 to A11 , respectively, and evaluated as follows. 
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< Image stability> 

[051 1] Gray print samples are produced with every ink set and evaluated for the image stability in the manner men- 
tioned below. 



10 



1. Lightfastness (light resistance): 

[0512] Immediately after printed, the chromaticity (a*1 , b*1 ) and the lightness (L1) of the image are measured with 
Gretag's SPM100-II. Then, the image is exposed to xenon light (85,000 luxes) for 7 days, using a weather meter of 
Atlas, and its chromaticity <a*2, b*2) and lightness (12) are again measured. The color difference (AE) before and after 
exposure to light is obtained according to the following numerical formula (I): 



AE = {(a*1 «a*2) +(b'1 



b*2) 2 + (L1 - L2) 2 } 1/2 



15 



20 



25 



30 



35 



40 



45 



(I) 



50 



55 



[0513] The color difference is obtained at different three points having a reflection density of 1 .0, 1 .3 or 1 .6. The 
samples of which the color difference is lower than 5 at every point are indicated as A; those of which the color difference 
is lower than 5 at some points but not lower than 5 at some other points are indicated as B; and those of which the 
color difference is not lower than 5 at every point are indicated as C. 

2. Ozone resistance: 

[0514] The samples are stored in a box having a predetermined ozone gas concentration of 0.5 ppm, for 7 days. 
The color difference of each sample before and after the storage is obtained in the same manner as that for the light- 
fastness. Thus tested, every sample is evaluated for the dye retention at different three points having a reflection 
density of 1 .0, 1 .3 or 1 .6. The samples of which the color difference is lower than 10 at every point are indicated as A; 
those of which the color difference is lower than 10 at some points but not lower than 10 at some other points are 
indicated as B; and those of which the color difference is not lower than 1 0 at every point are indicated as C. The ozone 
gas concentration in the box is controlled by using an ozone gas monitor, Applies' Model OZG-EM-01 . 
[0515] All the above test results are given in Table 3 below. 

Table 3 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


101 


(A1) 


C 


C 


comparison 


102 


(A1) 


C 


C 


comparison 


103 


(A1) 


C 


C 


comparison 


104 


(A1) 


B 


B 


comparison 


105 


(A1) 


B 


B 


comparison 


106 


(A1) 


B 


B 


comparison 


101 


(A2) 


C 


C 


comparison 


102 


(A2) 


C 


C 


comparison 


103 


(A3) 


B 


C 


comparison 


104 


(A4) 


A 


A 


the invention 


105 


(A5) 


A 


A 


the invention 


106 


(A6) 


A 


A 


the invention 


105 


(A7) 


A 


A 


the invention 


105 


(A8) 


B 


B 


comparison 


105 


(A9) 


B 


B 


comparison 


105 


(A10) 


B 


B 


comparison 
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Tabic 3 (continued) 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


105 


(A11) 


B 


B 


comparison 



10 



15 



[0516] It is confirmed from Table 3 that the examples of the inkjet recording method of the invention give images of 
good light resistance and ozone resistance, as compared with the comparative examples. In addition, the images 
formed according to the method of the examples of the invention were found good in point of all the bleeding resistance, 
the waterproofness, the heat resistance, the glossiness, the ink absorption and the image density. 

Example 2: 

[05171 The same ink as that produced in Example 1 was charged into an inkjet printer BJF900 (by Canon Inc.), with 
which an image was printed on the inkjet recording sheet (A4). This was evaluated in the same manner as in Example 
1 , and it gave the same result as in Example 1 . 



20 



25 



Example 3: 

[0518] An ink set 201 was prepared in the same manner as in the ink set 101 in Example 1 , except for using oil- 
soluble dye inks of light magenta, magenta, light cyan, cyan and yellow dyes prepared in the manner mentioned below. 
[0519] 8 g of a dye (M-24) and 60 g of a surfactant (EMAL 20C by Kao Corporation) were dissolved in 6 g of a high- 
boiling-point organic solvent (S-1), 10 g of a high-boiling-point organic solvent (S-2), 1 .0 g of an additive (A-1) and 50 
ml of ethyl acetate at 70°C. With stirring with a magnetic stirrer, 500 ml of deionized water was added to the resulting 
solution to prepare a coarse, oil-in-water dispersion. 

[0520] The structural formulae of the high-boiling-point organic solvents (S-1) and (S-2) and the additive (A-1) are 
shown below. 



30 



35 



(S-1) 



o=p 




(S-2) 



40 



CH 3 



0=PfOCH 2 CHCH 2 CCH 3 
CH3 CH3 



45 



(A-1) 



50 




PsHnW 



CsHnW 



55 



[0521] Next, the coarse dispersion was fined down by passing It five times through a microfluidizer (by Microfluidex 
Inc.) under a pressure of 60 MPa. Further, the resulting emulsion was evaporated for solvent removal by using a rotary 
evaporator until it gave no more odor of ethyl acetate. 
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[0522] 140 g of diethylene glycol, 64 g of glycerin and other additives such as urea were added to the thus-obtained 
fine emulsion of hydrophobic dye, and deionized water was added thereto to make 1 liter. Then, this was controlled to 
have a pH of 9 with 10 mol/liter of KOH added thereto. Thus prepared, this is light magenta ink as in Table 4. The 
volume-average particle size of the emulsion ink was measured with MICROTRACK UPA (by Nikkiso Co., Ltd.), and 
5 was 40 nm. 

[0523] The dye and its amount, the high-boiling-point organic solvents and their amount, and the additives and their 
amount were varied, to prepare magenta ink, light cyan ink, cyan ink and yellow ink as in Table 4. This is the ink set 
201 . The data in Table 4 indicate the final composition after solvent removal. 
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[0524] Next, the dye in each ink of the ink set 201 was varied as in Table 5 to produce ink sets 202 to 204. In changing 
it, the dye was so controlled that its amount could be equimolar to each other, and the dye concentration was so 
controlled that the transmission density of every ink could be the same as that in the ink set 201. 



Table 5 



Ink Set 


Light Magenta 


Magenta 


Light Cyan 


Cyan 


Yellow 


201 


M-24 


M-24 


C-22 


C-22 


Y-30 


202 


M-21 


M-21 


C-22 


C-22 


Y-30 


203 


M-23 


M-24 


C-24 


C-24 


Y-34 


204 


M-24 


M-24 


C-37 | 


C-37 


Y-35 



(Image recording and evaluation) 

[0525] Each of the ink sets 201 to 204 is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the above-mentioned, colorant-receiving 
layer-having inkjet recording sheets, and evaluated as follows. 

<lmage stability> 

[0526] Gray prim samples are produced with every Ink set and evaluated for the image stability in the manner men- 
tioned below. 

1 . Lightfastness (light resistance): 

[0527] Immediately after printed, the chromaticity (a*1, b*1) and the lightness (L1) of the image are measured with 
Grctag's SPM100-M. Then, the image is exposed to xenon light (85,000 luxes) for 7 days, using a weather meter of 
Atlas, and its chromaticity (a'2, b*2) and lightness (L2) arc again measured. The color difference (AE) before and after 
exposure to light is obtained according to the following numerical formula (I): 

AE = {(a*1 - a*2) 2 + (b"1 - b-2) 2 + (L1 - L2) 2 } 1/2 (I) 

[0528] The color difference is obtained at different three points having a reflection density of 1 .0, 1 .3 or 1.6. The 
samples of which the color difference is lower than 5 at every point are indicated as A; those of which the color difference 
is lower than 5 at some points but not lower than 5 at some other points are indicated as B; and those of which the 
color difference is not lower than 5 at every point are indicated as C. 

2. Ozone resistance: 

[0529] The samples are stored in a box having a predetermined ozone gas concentration of 0.5 ppm, for 7 days. 
The color difference of each sample before and after the storage is obtained in the same manner as that for the light- 
fastness. Thus tested, every sample is evaluated for the dye retention at different three points having a reflection 
density of 1 .0, 1 .3 or 1 .6. The samples of which the color difference is lower than 10 at every point are indicated as A; 
those of which the color difference is lower than 10 at some points but not lower than 10 at some other points are 
indicated as B; and those of which the color difference is not lower than 1 0 at every point are indicated as C . The ozone 
gas concentration in the box is controlled by using an ozone gas monitor, Applies' Model OZG-EM-01. 
[0530] All the above test results are given in Table 6 below. 



Table 6 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


101 


(A1) 


C 


C 


comparison 


102 


(A1) 


C 


C 


comparison 


103 


(A1) 


C 


C 


comparison 
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Tabic 6 (continued) 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


201 


(A4) 


A 


A 


the invention 


202 


(A4) 


A 


A 


the invention 


203 


(A4) 


A 


A 


the invention 


204 


(A3) 


A 


A 


the invention 



[0531] It is confirmed from Table 6 that the examples of the inkjet recording method of the invention give images of 
good light resistance and ozone resistance, as compared with the comparative examples. In addition, the images 
formed according to the method of the examples of the invention were found good in every point of the bleeding 
resistance, the waterproofness, the heat resistance, the glossiness, the ink absorption and the image density. 
15 [0532] Examples of the second aspect of the invention arc described below, to which, however the invention is not 
limited. In the Examples, "part" and are by weight. 

Example 4: 

2 0 (Preparation of aqueous ink) 

[0533] Aqueous inks were prepared in the same manner as in Example 1 that demonstrates the first aspect of the 
invention, and the ink sets as in Table 2 above were produced. 

25 (Formation of support) 

[0534] A support was formed in the same manner as in Example 1 that demonstrates the first aspect of the invention . 
(Preparation of coating liquid B1 for colorant- receiving layer) 

30 

[0535] In the composition mentioned below, (1 ) fumed alumina particles, (2) ion-exchanged water and (3) SHALLOL 
DC-902P were mixed, and dispersed for 20 minutes using KD-P (by Shinmaru Enterprises) at 10,000 rpm. Then, a 
solution containing the following (4) polyvinyl alcohol, (5) boric acid, (6) polyoxyethyiene lauryl ether and (7) ion-ex- 
changed water was added to it, and further dispersed for 20 minutes at 10,000 rpm to prepare a coating liquid B1 for 
35 colorant-receiving layer. 

Composition of coating liquid B1 for colorant-receiving layer> 

[0536] 

(1 ) Fumed alumina particles (ALUMINIUM OXIDE C by Nippon Aerosil Co., Ltd., having an average primary particle 
diameter of 10 nm) 10.0 parts 

(2) Ion-exchanged water 51 .7 parts 

(3) Polydimethyldiallylamine quaternary ammonium salt (SHALLOL DC-902P by Daiichi Kogyo Seiyaku Co. 
45 Ltd.) 0.33 parts 

(4) Aqueous solution of 8 % polyvinyl alcohol (water-soluble resin) (PVA124 by Kuraray Co., Ltd., having a degree 
of saponification of 98.5 % and a degree of polymerization of 2400) 27.8 parts 

(5) Boric acid (crosslinking agent) 0.4 parts 

(6) Polyoxyethyiene lauryl ether (surfactant) (EMULGEN 1 09P by Kao Corporation, aqueous 1 0 % solution, having 
50 HLBof13.6) 1.2 parts 

(7) Ion-exchanged water 33.0 parts 

(Preparation of coating liquid B2 for colorant- receiving layer) 

55 [0537] A coating liquid B2 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid B1 , except for omitting SHALLOL DC-902P. 
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(Preparation of coating liquid B3 for colorant- receiving layer) 

[0538] A coating liquid B3 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid B1 , except for using polyvinyl alcohol PVA235 (by Kuraray Co., Ltd., having a degree of saponification of 88 % 
5 and a degree of polymerization of 3500) instead of polyvinyl alcohol PVA124. 

(Preparation of coating liquid B4 for colorant-receiving layer) 

[0539] A coating liquid B4 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
10 liquid B1 , except for changing the fumed alumina particles to fumed silica particles (REOLOSIL QS-30 by Tokuyama 
Corp., having an average primary particle diameter of 7 nm). 

(Preparation of coating liquid B5 for colorant-receiving layer) 

15 [0540] An alumina hydrate was prepared with reference to the method described in the Examples in Japanese Patent 
3,085,746, and its dispersion having a solid content of 10 % was prepared. The dispersion of 10 % alumina hydrate 
thus prepared was used herein. 15 parts of an aqueous 8 % polyvinyl alcohol (PVA235 by Kuraray Co., Ltd.) solution 
was mixed with 100 parts of the alumina hydrate dispersion. Using NAMOMIZER LA31 (by Nanomlzer Inc.), the re- 
sulting mixture was processed twice under a pressure of 500 kg/m 2 . The resulting dispersion is coaling liquid B5 for 

20 colorant-receiving layer. 

(Preparation of coating liquid B6 for colorant-receiving layer) 

[0541] An alumina hydrate was prepared with reference to the method described in the Examples in JP-A 
25 2000-247022, and its dispersion having a solid content of 1 0 % was prepared. The dispersion of 10 % alumina hydrate 
thus prepared was used herein. 15 parts of an aqueous 8 % polyvinyl alcohol (PVA235 by Kuraray Co., Ltd.) solution 
was mixed with 1 00 parts of the alumina hydrate dispersion. Using Nanomizer LA31 (by Nanomizer Inc.), the resulting 
mixture was processed twice under a pressure of 500 kg/m2. The resulting dispersion is coating liquid B6 for colorant- 
receiving layer. 

30 

(Fabrication of inkjet recording sheet) 

[0542] The face of the support was treated with corona discharge. Using an extrusion die coater, any of the coating 
liquids B1 to B6 prepared above was applied to it to a thickness of 200 ml/m 2 (coating step). Thus coated, this was 
35 - dried with a hot air drier at 80°C (hot air speed: 3 to 8 m/sec) to make the coating layer have a solid content of 20 %. 
Through the process, inkjet recording sheets (B1 ) to (B6) were fabricated, in which the colorant-receiving layer had a 
dry thickness of from 32 to 36 p.m. 

(Image recording and evaluation) 

40 

[0543] Each of the ink sets 1 01 to 1 06 is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the inkjet recording sheets (B1) to (B6) 
coated with the coating liquids B1 to B6, respectively, and evaluated as follows. 

45 <lmage stability> - 

[0544] The image stability was evaluated in the same manner as in Example 1 that demonstrates the Hrst aspect of 
the invention. 

[0545] All the test results are given in Table 7 below. 

50 

Table 7 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


101 


(B4) . 


C 


C 


comparison 


102 


(B4) 


C 


C 


comparison 


103 


<B4) 


C 


C 


comparison 
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Tabic 7 (continued) 



5 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


104 


(B4) 


B 


Q 

D 


comparison 


105 


(B4) 


B 


D 

D 


comparison 


106 


(B4) 


B 


B 


comparison 


101 


(B1) 


C 


C 


comparison 


102 


(B2) 


C 


C 


comparison 


103 


(B5) 


B 


c 


comparison 


104 


(B1) 


A 

A 


A 


inc invcniioii 


105 


(B2) 


A 


A 


the invention 


106 


(B3) 


A 


A 


the invention 


105 


(B5) 


A 


A 


the invention 


105 


(B6) 


A 


A 


the invention 



20 

[0546] The combination of the ink set and the inkjet recording sheet of the invention gave good results in every point 
of the bleeding resistance, the waterproof ness, the heat resistance, the glossiness, the ink absorption and the image 
density, as compared with the comparative examples. 

2s Example 5: 

[0547] The same ink as that produced in Example 4 was charged into an inkjet printer BJF900 (by Canon inc.), with 
which an image was printed on the inkjet recording sheet (B5). This was evaluated in the same manner as in Example 
4, and it gave the same result as in Example 4. 

30 

Example 6: 

[0548] In the same manner as in Example 3 that demonstrates the first aspect of the invention, oil-soluble dye inks 
were prepared and the ink sets as in Table 5 above were produced. 

35 

(Image recording and evaluation) 

[0549] Each of the ink sets 201 to 204 is filled into a cartridge of an Inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the above-mentioned, colorant-receiving 
40 layer-having inkjel recording sheets, and evaluated as follows. 

<lmage stability> 

[0550] The image stability was evaluated in the same manner as in Example 3 that demonstrates the first aspect of 
45 the invention. 

[0551] All the test results are given in Table 8 below. 



Table 8 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


101 


(B4) 


C 


C 


comparison 


102 


(B4) 


C 


C 


comparison 


103 


(B4) 


C 


C 


comparison 


201 


(B1) 


A 


A 


the invention 


202 


(B2) 


A 


A 


the invention 


203 


(B5) 


A 


A 


the invention 



87 

BNSDOCID: <EP 1352754A2_L> 



EP 1 352 754 A2 



w 



Tabic 8 (continued) 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


204 


(B6) 


A 


A 


the invention 



[0552] The combination of the ink set and the inkjet recording sheet of the invention gave good results in every point 
of the bleeding resistance, the waterproof n ess, the heat resistance, the glossiness, the ink absorption and the image 
density, as compared with the comparative examples. 

[0553] Examples of the third aspect of the invention are described below, to which, however, the invention is not 
limited. In the Examples, "part" is by weight. 

Example 7; 
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50 



55 



(Preparation of aqueous ink) 

[0554] Aqueous inks were prepared in the same manner as in Example 1 that demonstrates the first aspect of the 
invention, and the ink sets as in Table 2 above were produced. 

(Formation of support) 

[0555] A support was formed in the same manner as in Example 1 that demonstrates the first aspect of the invention . 
(Preparation of coating liquid C1 for colorant-receiving layer) 

[0556] In the composition mentioned below, (1) fumed silica particles, (2) ion-exchanged water and (3) SHALLOL 
DC-902P were mixed, and dispersed for 20 minutes using KD-P (by Shinmaru Enterprises) at 10,000 rpm. Then, a 
solution containing the following (4) polyvinyl alcohol, (5) boric acid, (6) polyoxy ethylene Jauryl ether and (7) ion-ex- 
changed water was added to it, and further dispersed for 20 minutes at 10,000 rpm to prepare a coaling liquid C1 for 
colorant-receiving layer. 

[0557] The ratio by weight of the silica particles to the water-soluble resin, PB ratio (1 )/(4) was 4.5/1 , and the coating 
liquid C1 was acidic, having a pH of 3.5. 

Composition of coating liquid C1 for colorant-rccctving layer> 
[0558] 

(1) Fumed silica particles (inorganic particles) (Tokuyama's REOLOSIL QS-30 having an average primary particle 
diameter of 7 nm) 10,0 parts 

(2) Ion-exchanged water 51.7 parts 

(3) SHALLOL DC-902P (aqueous 52 % solution) (quaternary ammonium salt, by Daiichi Kogyo Seiyaku Co. Ltd.) 
0.8 parts 

(4) Aqueous solution of 8 % polyvinyl alcohol (water-soluble resin) (PVA124 by Kuraray Co., Ltd., having a degree 
of saponification of 98.5 % and a degree of polymerization of 2400) 27.8 parts 

(5) Boric acid (crosslinking agent) 0.4 parts 

(6) Polyoxyethylene lauryl ether (surfactant) (EMULGEN 1 09P by Kao Corporation, aqueous 10 % solution havina 
HLB of 13.6) 1.2 parts y 

(7) Ion-exchanged water 33.0 parts 

fabrication of inkjet recording sheet> 
(Inkjet recording sheet (C1)) 

[0559] The face of the support was treated with corona discharge. Using an extrusion die coater, the coating liquid 
C1 prepared above was applied to it to a thickness of 200 ml/m 2 (coating step). Thus coated, this was dried with a hot 
air drier at 80°C (hot air speed: 3 to 8 m/sec) to make the coating layer have a solid content of 20 %. Through the 
process, an inkjet recording sheet (C1 ) was fabricated, in which the coloranl-receiving layer had a dry thickness of 32 

u.m. 
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(Inkjet recording sheet (C2)) 

[0560] The face of the support was treated with corona discharge. Using an extrusion die coater, the coating liquid 
C1 prepared above was applied to it to a thickness of 200 ml/m 2 (coating step). Thus coated, this was dried with a hot 

5 air drier at 80°C (hot air speed: 3 to 8 m/sec) to make the coating layer have a solid content of 20 %. During this stage, 
the coating layer was in a constant-drying-rate period. Immediately after this, the coated support was dipped in a 
mordant solution C2 having the composition mentioned below, for 30 seconds, and the coating layer had 20 g/m 2 of 
the solution thereon (mordant solution applying step). Then, this was heated at 80°C for 10 minutes (drying step). 
Through the process, an inkjet recording sheet (C2) was fabricated, and its colorant-receiving layer had a dry thickness 

10 of32jim. 

<Composition of mordant coating liquid C2> 
[0561] 

15 

(1) Boric acid (crosslinking agent) 0.65 parts 

(2) Aqueous solution of 10 % polyallylamine, PAA-10C (mordant, by Nitto Boseki Co., Ltd.) 25 parts 

(3) Ion-exchanged water 61 .5 parts 

(4) Ammonium chloride (surface pH-conlrolling agenl) 0.8 parts 

20 (5) Polyoxyethylene lauryl ether (surfactant) (EMULGEN 1 09P by Kao Corporation, aqueous 2 % solution, having 

HLB of 13.6) 10 parts 

(6) Aqueous solution of 1 0 % MEGAFAC F1 405 (Dai-Nippon Ink Chemical Industry's fluorine-containing surfactant) 
2.0 parts 

25 (Inkjet recording sheet (C3)) 

[0562] A mordant solution C3 was prepared in the same manner as that for the mordant solution C2, except for using 
25 parts of an aqueous 10% solution of polyallylamine PAA-03 (mordant, by Nitto Boseki Co., Ltd.) instead of PAA- 
10C. An inkjet recording sheet (C3) was fabricated in the same manner as that for the inkjet recording sheet (C2), 
30 except for using the mordant solution C3 instead of the mordant solution C2. 

(Inkjet recording sheet (C4)) 

[0563] A coating liquid C4 for colorant-receiving layer was prepared in the same manner as that for the coating liquid 
35 C1 , except for using 0.4 parts of a quaternary ammonium salt, SHALLOL DM-283P (by Daiichi Kogyo Seiyaku Co. 
Ltd.) instead of SHALLOL DC-902P An inkjet recording sheet (C4) was fabricated in the same manner as that for the 
inkjet recording sheet (C1), except for using the coating liquid C4 instead of the coating liquid C1. 

(Inkjet recording sheet (C5)) 

40 

[0564] An inkjet recording sheet (C5) was fabricated in the same manner as that for the inkjet recording sheet (C2), 
except for using the coating liquid C4 instead of the coating liquid C1 . 

(Inkjet recording sheet (C6)) 

45 

[0565] A mordant solution C5 was prepared in the same manner as that for the mordant solution C2, except for using 
25 parts of an aqueous solution of 1 0 % polyvinylamine (by Mitsubishi Chemical Corporation, having a weight-average 
molecular weight of 60,000) instead of PAA-10C. An inkjet recording sheet (C6) was fabricated in the same manner 
as that for the inkjet recording sheet (C5), except for using the mordant solution C5 instead of the mordant solution C2. 

so 

(Image recording and evaluation) 

[0566] Each of the ink sets 1 01 to 106 is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the inkjet recording sheets (C1) to (C6), 
55 and evaluated as follows. 
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<fmage stability^ 

[0567] The image stability is evaluated in the same manner as in Example 1 that demonstrates the first aspect of 
the invention. 

5 

<!mage density> 

[0568] A solid image of magenta (M), cyan (C) and black (Bk) is printed on each inkjet recording sheet. After left for 
3 hours as such, the reflection density of the printed surface of each sheet is measured with a reflection densitometer 
10 X rite's Xrite 938. 

[0569] Thus tested, the image is evaluated for each color. The reflection density of magenta is evaluated as folios: 

1.15 or more: A 
1.05 or more and less than 1.15: B 
'5 less than 1.05: C 

[0570] The reflection density of cyan Is evaluated as follows: 

0.6 or more: A 
20 0.55 or more and less than 0.6: B 
less than 0.55: C 

[0571] The reflection density of black is evaluated as folios: 

25 2.25 or more: A 
2.15 or more and less than 2.25: B 
less than 2.15: C 

(Glossiness of black image) 

30 

[0572] A black image is printed on each inkjet recording sheet to have a reflection density of 2.0, and its surface 
glossiness is measured. Concretely, using a digital angle-varying glossmeter (UGV-5D of Suga Test Instruments Co., 
Ltd., having an orifice for measurement of 8 mm), the glossiness of the surface of the black image is measured at 60°. 
The glossiness is evaluated as follows: 

35 

65 or more: A 
55 or more and less than 65: B 
less than 55: C 

Those having a higher degree of glossiness are better. 
All the test results are given in Table 9 below. 



40 [0573] 
[0574] 
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[0575] The combination of the ink set and the Inkjet recording sheet of the invention gave good results in every point 
of the bleeding resistance, the waterproofness, the heat resistance and the ink absorption. 

Example 8: 

[0576] The same ink as that produced in Example 7 was charged into an inkjet printer BJF900 (by Canon Inc.) with 
which an image was printed on the inkjet recording sheet (C2). This was evaluated in the same manner as in Example 
7, and it gave the same result as in Example 7. 

Example 9: 

[0577] In the same manner as in Example 3 that demonstrates the first aspect of the invention, oil-soluble dye inks 
were prepared and the ink sets as in Table 5 above were produced. 

(Image recording and evaluation) 

[0578] Each of the ink sets 201 to 204 is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp ) 
Using the printer with the ink-filled cartridge therein, an image is printed on the above-mentioned, colorant-receiving 
layer-having inkjet recording sheets, and evaluated as follows. 

<lmage stability?- 

[0579] The image stability was evaluated in the same manner as in Example 3 that demonstrates the first aspect of 
the invention. 

[0580] AH the test results are given in Table 1 0 below. 



Table 10 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


101 


(C1) 


C 


C 


comparison 


102 


(C1) 


C 


C 


comparison 


103 


(C1) 


C 


C 


comparison 


201 


(C2) 


A 


A 


the invention 


202 


(C2) 


A 


A 


the invention 


203 


(C2) 


A 


A 


the invention 


204 


(C2) 


A 


A 


the invention 



[0581] In addition, the combination of the ink set and the inkjet recording sheet of the invention gave solid images 
of magenta and cyan of high reflection density, as compared with the comparative combination. 
[0582] Examples of the fourth aspect of the invention are described below, to which, however, the invention is not 
limited. In the Examples, "part" and "% u are by weight. 

Example 10: 

(Preparation of aqueous ink) 

[0583] Aqueous inks were prepared in the same manner as in Example 1 that demonstrates the first aspect of the 
invention, and the ink sets as in Table 2 above were produced. 

(Formation of support) 

[0584] A support was formed in the same manner as in Example 1 that demonstrates the first aspect of the invention. 
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(Preparation of coating liquid D 1 for colorant-receiving layer) 

[0585] In the composition mentioned below, (1) fumed silica particles, (2) ion-exchanged water and (3) SHALLOL 
DC-902P were mixed, and dispersed for 20 minutes using KD-P (by Shinmaru Enterprises) at 10,000 rpm. Then, a 
5 solution containing the following (4) polyvinyl alcohol, (5) boric acid, (6) polyoxyethylene lauryl ether and (7) ion-ex- 
changed water was added to it, and further dispersed for 20 minutes at 1 0,000 rpm to prepare a coating liquid D1 for 
colorant-receiving layer. 

[0586] The ratio by weight of the silica particles to the water-soluble resin, PB ratio (1 )/(4) was 4.5/1 , and the coating 
liquid D1 was acidic, having a pH of 3.5. 

10 

Composition of coating liquid D1 for colorant-receiving layer> 
[0587] 

is (1) Fumed silica particles (inorganic particles) (Tokuyama's REOLOSIL QS-30 having an average primary particle 

diameter of 7 nm) 10.0 parts 

(2) Ion-exchanged water 51 .7 parts 

(3) Polydlmethyldiallylamine quaternary ammonium salt (SHALLOL DC-902P by Dailchi Kogyo Seiyaku Co. Ltd.) 
0.8 parts 

20 (4) Aqueous solution of 8 % polyvinyl alcohol (water-soluble resin) (PVA124 by Kuraray Co., Ltd., having a degree 

of saponification of 98.5 % and a degree of polymerization of 2400) 27.8 parts 

(5) Boric acid (crosslinking agent) 0.4 parts 

(6) Polyoxyethylene lauryl ether (surfactant) (EMULGEN 109P by Kao Corporation, aqueous 10% solution, having 
HLB of 13.6)1.2 parts 

25 (7) Ion-exchanged water 33.0 parts 

(Preparation of coating liquid D2 for colorant-receiving layer) 

[0588] A coating liquid D2 for colorant-receiving layer was prepared in the same manner as above for preparing the 
30 coating liquid D1 , to which, however, 1 .6 parts of Compound (1 -1 ) (having a weight-average molecular weight of 20,000, 
aqueous 25 % solution) mentioned hereinabove in the section of the fourth aspect of the invention was added. 

(Preparation of coating liquid D3 for colorant-receiving layer) 

35 [0589] A coating liquid D3 for colorant- receiving layer was prepared in the same manner as in preparing the coating 
liquid D1 , except for further adding 1 .6 parts of Compound (2-1 ) (having a weight-average molecular weight of 25,000, 
aqueous 25 % solution) mentioned hereinabove in the section of the fourth aspect of the invention. 

(Preparation of coating liquid D4 for colorant-receiving layer) 

40 

[0590] A coating liquid D4 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid D1 , except for using 2.0 parts of Compound (1-2) (having a weight-average molecular weight of 25,000, aqueous 
25 % solution) mentioned hereinabove in the section of the fourth aspect of the invention instead of SHALLOL DC- 
902D, and using polyvinyl alcohol PVA235 (by Kuraray Co., Ltd., having a degree of saponification of 88 % and a 
degree of polymerization of 3500) instead of polyvinyl alcohol PVA1 24. 

(Preparation of coaling liquid D5 for colorant-receiving layer) 

[0591 ] A coating liquid D5 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
so liquid D 1 , except for further adding 1 .2 parts of the quaternary ammonium cationic polymer (having a weight-average 
molecular weight of 10,000, aqueous 30 % solution) that had been prepared with reference to Example 1 in JP-A 
10-119418. 

(Preparation of coating liquid D6 for colorant-receiving layer) 

55 

[0592] A coating liquid D6 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid D1 , except for further adding 1 .0 part of methacrylate quaternary ammonium salt (SHALLOL DM-283P, by Daiichi 
Kogyo Seiyaku Co. Ltd.). 



93 



BNSDOCID: <EP 1352754A2J .> 



EP 1 352 754 A2 

(Preparation of coating liquid D7 for colorant-receiving layer) 

[0593] A coating liquid D7 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid D1 , except for changing the amount of SHALLOL DC-902P to 1 .6 parts instead of 0 8 parts 

5 

(Preparation of coating liquid D8 for colorant-receiving layer) 

[0594] A coating liquid D8 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
liquid D1 , except for further adding 1 .0 part of polydimethyldiallylamine quaternary ammonium salt (PAS-A-1 bv Nitto 
10 Boseki Co., Ltd.). 

(Preparation of coating liquid D9 for colorant-receiving layer) 

[0595] A coating liquid D9 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
is liquid D1 , except for further adding 1 .0 part of polychlorodimethylmethylene piperidinium quaternary ammonium salt 
(ADEKATHIOACE PD-50, by Asahi Denka Co. Ltd.). 

(Preparation of coating liquid D 10 for colorant-receiving layer) 

20 [0596] A coating liquid D1 0 for colorant- receiving layer was prepared in the same manner as in preparing the coating 
liquid D1 , except for further adding 1 part of the following compound (having a weight-average molecular weight of 
10,000, aqueous 20% solution). 

25 



30 



40 



45 



SO 



2CI 



(Preparation of coating liquid D 11 for colorant-receiving layer) 



[0597] A coating liquid D1 1 for colorant-receiving layer was prepared in the same manner as in preparing the coating 
35 liquid D1 , except for using 2 parts of the following compound (having a weight-average molecular weight of 50,000, 
aqueous 25 % solution) instead of SHALLOL DC-902P. 



CH 3 

iCH 2 -CH \ q -fCHrf-fc 

s\ C0 2 C 2 H 4 N + (CH 3 ) 3 

Cf 



(Fabrication of inkjel recording sheet) 

[0598] The face of the support was treated with corona discharge. Using an extrusion die coater, any of the coating 
liquids D1 to D11 prepared above was applied to it to a thickness of 200 ml/m 2 (coating step). Thus coated, this was 
dried with a hot air drier at 80°C (hot air speed: 3 to 8 m/sec) to make the coating layer have a solid content of 20 %. 
Through the process, inkjet recording sheets (D1) to (D11) wore fabricated, in which the colorant-receiving layer had 
a dry thickness of 32 u/n. 

55 (image recording and evaluation) 

[0599] Each of the ink sets 101 to 106 is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the inkjet recording sheets (D1) to (D11) 
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coated with the coating liquids D1 to D11 , respectively, and evaluated as follows. 
<lmage stability> 

5 [0600] The image stability is evaluated in the same manner as in Example 1 that demonstrates the first aspect of 
the invention. 

<lmage density> 

io [0601] A solid image of magenta (M), cyan (C) and black (Bk) is printed on each inkjet recording sheet. After left for 
3 hours as such, the reflection density of the printed surface of each sheet is measured with a reflection densitometer, 
Xrite's Xrite 938. 

[0602] Thus tested, the image is evaluated for each color. The reflection density of magenta is evaluated as follows: 

'5 1.15 or more: A 

1.05 or more and less than 1.15: B 

less than 1.05: C 

[0603] The reflection density of cyan is evaluated as follows: 

20 

0.65 or more: A 

0.6 or more and less than 0.65: B 

less than 0.6: C 

25 [0604] The reflection density of black is evaluated as follows: 

2.15 or more: A 
2.05 or more and less than 2.15: B 
less than 2.05: C 

30 

J0605] All the test results are given in Table 11 below. 



40 
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50 



55 



95 

BNSDOCID: <EP 13 527 54 A2. I_> 



EP 1 352 754 A2 



5 



10 



15 



20 



30 



35 



40 



45 



























c 


c 


C 


C 










c 


C 


























0 


c 


O 


0 










0 


o 


























■H 


*H 


-H 


-H 










-H 










c 


c 


c 


C 


c 


C 


c 


c 


C 


JJ 


JJ 


JJ 


JJ 


C 


C 


C 


C 


U 


JJ 








0 


0 


0 


o 


0 


o 


0 


o 


0 


c 


c 


C 


c 


o 


0 


o 


o 


c 


c 








CO 


CO 


CO 


CO 


CO 


CO 


DO 


CO 


CO 


CD 


0! 


CD 


OJ 


CO 


03 


CO 


CO 


CD 


CD 


CO 






•H 


*H 


♦H 


•H 


•H 


•H 


•H 




•H 


> 


> 


> 


> 




♦H 


•H 


-r4 


> 


> 


J< 






M 


V4 




M 


V< 


M 






U 


C 


c 


C 


c 


u 


*H 


rH 


U 


C 


C 


U 






tfl 


CO 


CO 


cO 


HJ 


to 




tO 


trj 


■H 


-H 


♦H 


-H 


<0 


ftj 


<0 


CO 


-H 


•H 


<ri 
•O 










ft 


o 

M 


M 


Q 


• C 


i 0 


i O 












i 0 


j D 


» D 






E 






E 


E 


E 


E 


E 


E 


E 


E 


E 


0) 


CD 


CD 


a) 


E 


E 


E 


E 


CD 


CD 


0) 






0 


0 


0 


O 


0 


O 


0 


O 


O 


•C 


•C 


J3 




o 


C 


0 


O 


•C 


•C 


cc 






u 


O 


u 


o 


o 


o 


o 


u 


O 


JJ 


XJ 




XJ 


u 


u 


o 


o 


JJ 


JJ 
















































to 




A 


a 


« 


m 


00 


m 


< 


< 


co 


< 


< 


< 


< 


« 


< 


m 


CQ 


< 


< 


>1 


u 


U 


o 


cj 


o 


u 


u 


< 


< 


< 


< 


< 


< 


< 


CO 


PQ 


PQ 


CQ 


< 


< 


-U 












































•H 












































CO 












































C 












































a; 












































Q 












































cy 












































CD 












































f0 












































E 

M 


£ 




U 


u 




CJ 


o 


u 


< 


< 




< 


< 


< 


< 


0 


CQ 


a 


CQ 




< 
















































U 












































C 












































to 












































xj 










































0) 


CO 




















































































o 


CO 










































N 


a> 










































o 








u 


u 


a 


m 


a 


u 


u 


V 


< 


< 


< 


< 


CQ 


m 


CQ 


CQ 




< 




CD 












































u 












































c 












































fd 












































jj 










































JJ 


CO 




















































































0) 


CO 










































•H 


CD 










































•J 






u 


u 


u 


n 


m 


CO 


u 


CO 


a 


< 


< 


< 


< 


CQ 


a 


CQ 


CO 


< 


< 




t7> 












































C 












































•H 










































ij »d 










































0) 




XJ 








































•r» 


o 


<D 




































o 


•H 


.* 


u 


CD 




rH 


w 


H 


fH 


fH 


CN 


T> 


in 


CN 






if) 






CO 


o> 


?H 


fH 


C 


CD X 


Q 


Q 


Q 


Q 


Q 


a 


Q 


Q 


Q 


Q 


p 


Q 


a 


Q 


Q 


Q 


Q 


Q 


Q 


M 




CO 








































JJ 












































OJ 












































CO 












































J* 






tH 


(N 


ro 




in 


V£> 


fH 


CN 


m 




in 


vo 


in 


in 


in 


in 


in 


in 


in 


c 






o 


O 


o 


o 


o 


O 


o 


O 


o 


o 


o 


O 


o 


o 


o 


o 


o 


o 


o 


H 













































[0606] The combination of the ink set and the inkjet recording sheet of the invention gave good results in every point 
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of the bleeding resistance, the waterproofness, the heat resistance, the glossiness and the ink absorption, as compared 
with the comparative examples. 

Example 11: 

5 

[0607] The same ink as that produced in Example 10 was charged into an inkjet printer BJF900 (by Canon Inc.), 
with which an image was printed on the inkjet recording sheet (D4). This was evaluated in the same manner as in 
Example 10, and it gave the same result as in Example 10. 

10 Example 12: 

[0608] In the same manner as in Example 3 that demonstrates the first aspect of the invention, oil-soluble dye inks 
were prepared and the ink sets as in Table 5 above were produced. 

15 (image recording and evaluation) 

[0609] Each of the ink sets 201 to 204 Is filled into a cartridge of an inkjet printer, PM 950C (by Seiko Epson Corp.). 
Using the printer with the ink-filled cartridge therein, an image is printed on the above-mentioned, colorant-receiving 
layer-having inkjel recording sheets, and evaluated as follows. 

20 

< Image stability^ 

[0610] The image stability was evaluated in the same manner as in Example 3 that demonstrates the first aspect of 
the invention. 

25 [061 1 ] All the test results are given in Table 1 2 below. 



Table 12 



30 



Ink Set 


Inkjet Recording Sheet 


Light Resistance 


Ozone Resistance 


Remarks 


101 


(D1) 


C 


C 


comparison 


102 


(D1) 


C 


C 


comparison 


103 


(D1) 


C 


C 


comparison 


201 


(D4) 


A 


A 


the invention 


202 


(D4) 


A 


A 


the invention 


203 


(D4) 


A 


A 


the invention 


204 


(OA) 


A 


A 


the invention 



[0612] In addition, the combination of the ink set and the inkjet recording sheet of the invention gave solid images 
of magenta and cyan of high reflection density, as compared with the comparative combination. 
[0613] As described in detail hereinabove with reference to its preferred embodiments, the inkjet recording method 
of the invention gives color images of good lightfastness and ozone resistance, and high density. 



Claims 

1 . An inkjet recording method of forming an image on an inkjet recording sheet which has, on a support, a colorant- 
receiving layer containing at least one inorganic mordant, by using an inkjet recording ink set that comprises, as 
minimum constituent elements thereof, a yellow ink containing at least one yellow dye, a magenta ink containing 
at least one magenta dye and a cyan ink containing at least one cyan dye, wherein an oxidation potential of the 
magenta dye and an oxidation potential of the cyan dye are each nobler than 0.8 V (vs SCE). 

2. The inkjet recording method of claim 1 , wherein the colorant-receiving layer contains at least an aluminium-con- 
taining compound as the at least one inorganic mordant. 

3. The inkjet recording method of claim 1 , wherein the colorant-receiving layer contains at least a zirconium-containing 
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compound as the at least one inorganic mordant. 

4. The Inkjet recording method of claim 1, wherein the colorant-receiving layer contains at least a water-soluble 
aluminium compound as the at least one inorganic mordant 

5 

5. The Inkjet recording method of claim 1, wherein the colorant-receiving layer contains at least a water-soluble 
zirconium compound as the at least one inorganic mordant. 

6. The Inkjet recording method of claim 1 , wherein the colorant-receiving layer contains at least an aluminium chloro 
hydrate as the at least one inorganic mordant. 

7. An Inkjet recording method of forming an image on an Inkjet recording sheet which has, on a support, a colorant- 
receivmg layer containing at least one of alumina particles and alumina hydrate, by using an Inkjet recording ink 
set that comprises, as minimum constituent elements thereof, a yellow ink containing at least one yellow dye a 
magenta ink containing at least one magenta dye and a cyan ink containing at least one cyan dye, wherein an 
oxidation potential of the magenta dye and an oxidation potential of the cyan dye are each nobler than O.B V (vs 
SCE). 



15 



20 



8. The Inkjet recording method of claim 7, wherein the colorant-receiving layer further contains inorganic particles in 
addition to the one of alumina particles and alumina hydrate. 

9. The Inkjet recording method of claim 8, wherein the inorganic particles are silica particles having an average 
primary particle diameter of at most 30 nm. 

25 1 0. The inkjet recording method of claim 8 ( wherein the inorganic particles are colloidal silica having an average primary 
particle diameter of at most 30 nm. 

1 1 . An inkjet recording method of forming an image on an inkjet recording sheet which has, on a support a colorant- 
receiving layer that contains a cationic polymer having at least one selected from the group consisting of a primary 
ammo group, a secondary amino group and a tertiary amino group, by using an inkjet recording ink set that com- 
prises, as minimum constituent elements thereof, a yellow ink containing at least one yellow dye, a magenta ink 
containing at least one magenta dye and a cyan ink containing at least one cyan dye, wherein an oxidation potential 
of the magenta dye and an oxidation potential of the cyan dye are each nobler than 0.8 V (vs SCE). 

35 12. The inkjet recording method of claim 11 . wherein the cationic polymer has at least one primary amine. 

13. The inkjet recording method of claim 11, wherein the cationic polymer is at least one selected from the group 
consisting of polyallylamine, polyvinylamine and their derivatives. 

40 14. The inkjet recording method of claim 11 , wherein: 

the colorant-receiving layer is formed by crosslinking and curing a coating layer which is formed by applying 
a coating liquid that contains at least fine particles and a water-soluble resin; * 
a crosslinking agent is added to at least one of the coating liquid and a basic solution having pH of at least 
45 7.1; and 

crosslinking and curing are performed by applying the basic solution onto the coating layer at the same time 
that the coaling liquid is applied to form the coating layer. 

15. The inkjet recording method of claim 11 , wherein: 

the colorant-receiving layer is formed by crosslinking and curing a coating layer which is formed by applying 
a coating liquid containing at least fine particles and a water-soluble resin; 

a crosslinking agent is added to at least one of the coating liquid and a basic solution having pH of at least 
7.1; and 

crosslinking and curing are performed by applying the basic solution onto the coating layer before the coating 
layer exhibits a falling rate of drying during drying thereof. 

16. An inkjet recording method of forming an image on an inkjet recording sheet which has, on a support, a colorant- 
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receiving layer that contains a quaternary ammonium salt cationic polymer having at least one aromatic group in 
a partial structure thereof, by using an inkjet recording ink set that comprises, as minimum constituent elements 
thereof, a yellow ink containing at least one yellow dye, a magenta ink containing at least one magenta dye and 
a cyan ink containing at least one cyan dye, wherein an oxidation potential of the magenta dye and an oxidation 
5 potential of the cyan dye are each nobler than 0.8 V (vs SCE). 

17. The inkjet recording method of claim 16, wherein the quaternary ammonium salt cationic polymer has a benzyl 
bond in a partial skeleton thereof. 

10 18. The inkjet recording method of claim 16, wherein the quaternary ammonium salt cationic polymer has at least one 
unit represented by the following general formula (III): 



15 
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General Formula (III) 



X' 



wherein R 21 represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms; R 22 R 23 and R 24 each 
independently represent an aliphatic group or an aromatic group; and X" represents an anionic group. 

19. The inkjet recording method of claim 16, wherein the quaternary ammonium salt cationic polymer has at least one 
30 unit represented by the following general formula (IV): 



+CH 2 -C-}- 

C=0 R 32 General Formula (IV) 

Z 1 — Y—N^— R 33 
R 34 

wherein R 31 represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms; R 32 represents an aromatic 
45 group or an aromatic group-substituted alkyl group; R 33 and R 34 each independently represent an aliphatic group 

or an aromatic group; Z 1 represents -O- or -NH-; Y 1 represents a divalent linking group; and X" represents an 
anionic group. 

20. The inkjet recording method of claim 16, wherein the quaternary ammonium salt cationic polymer has at least one 
so unit represented by the following general formula (V): 
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R 41 R 43 \ 

T + 2 T + /=vch 2 A- 

-IjJ — Z — IjJ CH 2 ~Y_y General Formula (V) 

r 42 r 44 y 



wherein R 4 \ R 42 , R43 and R44 each independently represent a hydrogen atom or an aliphatic group; Z 2 represents 
a divalent linking group; X' represents an anionic group; and R*1 and R 43 , or R 42 and R 44 may bond to each other 
to form an alkylene group. 

21 . The inkjet recording method of claim 16, wherein the quaternary ammonium salt cationic polymer has at least one 
unit represented by the following general formula (VI): 




4cHo-e— 4- 

i y 

G=0 R53 

^3_ Y 2_ + N /1 R 54 General Formula(VI) 

V 5 



X 

wherein RS1 and R52 each independently represent a hydrogen atom or an alkyl group having 1 to 4 carbon atoms; 
R 3 , R 54 and R*5 each represent an alkyl group; 7? represents a divalent linking group; Y2 represents a divalent 
linking group; X" represents an anionic group; and x and y each indicate an integer of 1 or more. 
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(54) Inkjet recording method 



(57) An inkjet recording method of forming an image 
on an inkjet recording sheet that has, on a support, a 
colorant-teceiving layer which contains at least one in- 
organic mordant, by using an inkjet recording in k set that 
comprises, as minimum constituent elements thereof, a 
yellow ink which contains at least one yellow dye, a ma- 
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genta ink which contains at least one magenta dye and 
a cyan ink which contains at least one cyan dye, wherein 
an oxidation potential of the magenta dye and an oxida- 
tion potential of the cyan dye are each nobler than 0.8 
V (vs SCE). 
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